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Proficient Priests of Precision 


Promote Practical Progress 


N a press conference devoid of fan- 
fare, the National Bureau of Stand- 
rds announced on March 28th that a 
of its scientists had determined 

wo important physical constants with 
precedented accuracy. These are: (1) 

e absolute value of the magnetic mo- 

ent of the proton and (2) the value 

f the charge-to-mass ratio of the elec- 
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drawn a thin straight line extending 
upward into the future—meaning a 
confident prediction that the value of 
e/m is known for evermore with hair- 
line accuracy! 

Significance.—The conservative NBS 
writers mentioned only the purely sci- 
entific importance, refrained from pre- 
dicting any engineering or industrial 
consequences (the headline on page 430 
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On that occasion, Bureau Director 
omdon allowed himself to be quoted 
declaring that “this basic and far- 
paching work of H. A. Thomas, R. L. 
Driscoll and J. A. Hipple is a most im- 
ortant contribution to modern phys- 
ts.” Hundreds of NBS workers con- 
nually make important contributions 
0 science and industry and this has 
been the Bureau’s mission for nearly 
f a century; but we think this was 
first time that a Director uttered 
ich praise of individual NBS workers 
or the press and radio. Likewise mark- 
the occasion as exceptional was the 
mgth of the explanatory statements 
nd the number of photographs and dia- 
ms Made available to the press. 
om this matter we prepared (ex- 
sively for Instruments readers) the 
ount on pages 430-432. From an 
BS Technical Report and other 
burees (especially Doctors Birge and 
tranathan) we drew the historical 
‘ aph herewith, in the upper right-hand 
rtion of which we have arbitrarily 


is ours, not theirs). However, one can 
foresee refinements in devices that use 
free electrons (hundreds of different 
commercial tubes) and in instruments 
and machines (servos, etc.) that use 
magnetic fields. Chemical industries, 
too, will benefit through new or im- 
proved devices (such as mass spectro- 
graphs) for automatically and continu- 
ously analyzing products being proc- 
essed. 

Millikan.—This is the fortieth anni- 
versary of the isolation and “weighing” 
of single electrons. It was in 1909 that 
Millikan reported his first series of oil- 
drop experiments, which later won him 
the Nobel Prize. There probably will be 
a fitting celebration later this year. 

Columbia.—Nor must one overlook 
the timely work of Doctors Taub and 
Kusch at Columbia University: it was 
their recent re-determination of the 
“nuclear g-factor” for hydrogen nuclei 
which was combined with the results of 
the NBS work to yield the new precise 
value of e/m. 
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[-C Curve Revision 
HAT old workhorse of industrial 
temperature measurements, the iron- 

Constantan thermocouple, has seldom 

been used for high-precision work. Rea- 

son: lack of a Standard accepted by all 

makers and users. Therefore, the fol- 

lowing announcement will interest 
users: 

522 Fifth Avenue, 

New York 18, N. Y. 

March 30, 1949 


To the Editor of Instruments: 


The Recorder-Controller Section of 
Scientific Apparatus Makers of America 
has undertaken, through the Section’s 
Thermocouple Calibration Curve Com- 
mittee, a joint investigation with the 
National Bureau of Standards into cer 
tain aspects of the iron-constantan cali- 
bration curve... . The purpose of the 
investigation is explained in the follow- 
ing quotations from the Committee’s 
minutes: 

“At the October 1, 1948 meeting of 
the Recorder-Controller Section Ther- 
mocouple Curve Committee, it was 
agreed that the 1913 (L&N) iron-con- 
stantan curve should be adopted as a 
S.A.M.A. Tentative Standard over the 
range 32 to 1400 F. The recommenda- 
tions of the Committee were approved 
by the Recorder-Controller Section 
S.A.M.A. Engineering Executives’ 
Group and subsequently the Committee 
was empowered to spend up to $1,000 
on a joint investigation with the Bureau 
of Standards, the objectives of the in- 
vestigation being as follows: 

“(a) Extension of the curve to cover 
the range from —300 F. to 1800 F. 

“(b) To make such minor corrections 
in the ‘1913’ Iron-Constantan curve as 
may seem desirable as a result of the 
investigation. 

““(c) To convert the curve to absolute 
values and to incorporate corrections 
resulting from pending changes to be 
made in the International Temperature 
Scale.” 

HAMPTON M. AULD, 
Executive Secretary. 


Crying Need ad Accuracy 


UCH of what you read about 

“measurements” of radioactivity 
by medical men is a lot of hogwash. For 
example the “strength” of radioactive 
iodine is known only roughly: the spread 
of values reported by 150 laboratories 
is six to one! Fortunately, the NBS is 
stepping into this picture. 
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An Easily Assembled Console for Rapid Testin » 


of Electrical Indicating Instruments 


By FRANK D. WEAVER, Electrical Instruments Section, National Bureau of Standards, Washington, D. ( 


I. INTRODUCTION 

O speed the testing of electrical in- 

struments, new methods have been 

designed and new circuits devel- 
oped. All of the physical components 
are commercially available, so that a 
description of the circuits, arrangement 
of equipment and methods of use may 
interest Instruments readers in indus- 
tries and institutions where periodic 
testing is a necessity. 

Instruments used for many applica- 
tions do not require the precise and 
more time-consuming tests than can be 
made in a high-precision laboratory, It 
is largely because of the time that can 
be saved in adequate semi-precise test- 
ing that this description has been pre- 
pared. In the design of this quick-check 
console, special attention was given to 
simplicity, convenience and compactness 
of arrangement. 


Il. GENERAL DESCRIPTION 


In order to design a test table that 
would facilitate the rapid checking of 
electrical instruments, it was necessary 
to select a method of testing that would 
be simple and convenient and one that 
would give results of the desired ac- 
curacy. Past experience had shown that 
these requirements can be most effec- 
tively met by comparing the pointer 
indications of the instrument under 
test with the pointer indications of a 
similar instrument of equal or higher 
accuracy for which the scale corrections 
are known. Using the comparison meth- 
od as the basis of design, circuits were 
developed to cover the testing of the 
types and ranges of electrical indicating 
instruments ordinarily used in a lab- 
oratory. This method requires adequate 
sources of power and a _ convenient 
switching and control arrangement that 
provides both coarse and fine control 
in adjusting the voltage and current to 
insure the maximum ease and speed in 
testing. Since this method relies ulti- 
mately on the reference instrument for 
its accuracy, a discussion of the testing 
and use of reference instruments is 
given in Section IV. 

The accompanying wiring diagram 
and photographs, Figs. 1, 2 and 3, in- 
dicate the arrangement of equipment, 
which in our case was conveniently ar- 
ranged to make use of a stationary lab- 
oratory table. The layout has been un- 
der consideration for several years and 
the actual construction embodies experi- 
ence gained in a number of rearrange- 
ments and changes in components made 
during this period to give maximum 
compactness, flexibility and convenience. 

The usual a-c. power supply (Fig. 
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1) serves as a source for both alter- 
nating current and voltage and for di- 
rect voltage. The direct-current source 
is a storage battery capable of supply- 
ing a current of 50 amperes. The volt- 
age and current controls indicated in 
Fig. 1 and shown in Figs. 2 and 3 have 
been conveniently located to permit easy 
operation of the coarse and fine adjust- 
ments of the alternating and direct 
currents and voltages required for test- 
ing. The proper selection of ranges and 
controls gives adjustments fine enough 
for increments of pointer indication of 
0.05 division or less to be easily obtain- 
ed within the usual ranges of alter- 
nating- and direct-current ammeters 
and voltmeters. The convenient sources 
and controls provided are adequate to 
cover (1) direct and alternating volt- 
ages from 0.1 to 300 volts, (2) alter- 
nating current from 0.01 to 100 am- 
peres, and (3) direct current from 0.01 
to 50 amperes. 

The regular a-c. power supply to the 
building suffers from fluctuations in 
voltage too large to allow the precision 
testing of instruments directly on this 
supply. It was found that, by using a 
voltage stabilizer, the effects of such 
supply-voltage variations could be re- 
duced to a point where they would not 
be treublesome. Thus both power for 
alternating-voltage and -current test- 
ing, and power for direct voltage in this 
test table, are supplied through the 
stabilizer which is connected to the reg- 
ular 60-cycle a-c. supply. A magnetic- 
type stabilizer with a built-in filter is 
indicated at the upper left-hand side of 
Fig. 1 by the block VS. The output 
wave-form of the stabilizer has a total 
harmonic distortion of less than 5 per- 
cent and is therefore quite satisfactory 
for use as a source in testing. Electronic 
stabilizers with even less distortion (1 
to 2 percent over a wide range of input 
voltage) are now commercially avail- 
able. 


In assembling the components of the 
console, precautions were taken to avoid 
stray magnetic-field errors’'in the in- 
struments undergoing tests. Thus con- 
ductors, which may occasionally carry 
large currents, are located at a safe dis- 
tance from the area on the table where 
the instruments are placed for testing. 
Variacs, transformers, and rheostats 
are likewise located at a corresponding- 
ly safe distance. The reference instru- 
ment and the instrument under test are 
connected to the appropriate binding 
posts on the panel. Thus leakage and 
capacitance currents that occur in the 
wiring behind the panel do not influ- 
ence the accuracy of test results obtain- 
ed by the use of this set-up. 


III. DETAILED DESCRIP’ 
A. Direct-current Arrangement 

The source of current, 0.01 to 
peres, for direct-current measur ts 
is a group of storage cells (see | ) 
arranged as a 2-, 4-, or 8-volt 
The coarse control for current 
from 1 to 50 amperes is obtains 
set of four “tubular” rheostat 
Figs. 1 and 2) having screw- 
brushes. They are placed in a con 
ment to the left of the observer and be- 
neath the table top. These rheosta: 
means of a switching arrangement, ma 
be used singly, or in parallel in ¢ 
of two or more. Fine control at th 
higher ranges is obtained by three ciy- 








cular rheostats (B, Figs. 1, 2 and 3) § 


mounted on the panelboard and 

ranged to permit connection in parall 
with the coarse control rheostats. On 
of these circular rheostats is used as 
a voltage divider and the other tw 
serve as adjustable series resistors 
These three panelboard resistors a 
suitable for controlling the current i) 


the lower range from 0.01 to 1 ampere. 


A millivoltmeter with shunts of the 
following current ranges’ 0.015, 0.03, 


0.075, 0.15, 0.3, 0.75, 1.5, 3, 7.5, 15, 308 
and 75 amperes, serves as a reference f 


ammeter. 


B. Direct-voltage Arrangement 
Direct voltage (0.1 to 300 volts) is 


supplied by a single-phase full-wavef 
rectifier. By incorporating a filter inf 


this d-c. power supply, ripple is reduced 
to about 0.2 percent. This power supply 
with its filter is shown at C in Figs. 1 
and 3. A discussion of this type of cir- 
cuit is given by Herbert J. Reich’. 
A two-pole four-position transmitte: 
switch with Isolantite insulation (G, 
Figs. 1, 2 and 3) makes it possible t 
supply three different input voltages t 
two Type 200B Variacs (D and FE, Figs. 
1, 2 and 3). Three positions on the 
switch are connected to three tap points 
on a transformer shunted across the 
output of the voltage stabilizer (H, 
Fig. 1). Thus, depending on the posi- 
tion of the voltage-range switch, the 
coarse- and medium-control Variacs 
may be supplied with 10, 60 or 120 volts. 
The output of the medium-contro! 
Variac supplies the primary of 4 
110/2.5-volt step-down transformer (fF, 
Fig. 1). The output of this transforme: 
is used in series with the output of th 
coarse-control Variac to permit sma 
adjustable increments in voltage su): 
plied to the rectifier, and thus fine ac 
justment of the output direct voltage 
is obtained. The three positions on th 
switch and the coarse- and medium- 
control Variacs then make it possible 
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obtain adjustable voltage at the “DIRECT 
VOLTAGE” terminals of 0-25, 0-150 or 
0-300 volts. The maximum permissible 
current drain from the power supply is 
200 milliamperes. A rough indication of 
the voltage at the voltage terminals is 
given by a panelboard voltmeter (VM, 
Fig. 1). A red warning lamp in the tube 
circuit shows when this circuit is ener- 
gized. A single multi-range d-c. volt- 
meter with the following ranges: 1.5, 3, 
7.5, 15, 30, 75, 150, and 300 volts, serves 
as a satisfactory reference instrument. 


C, Alternating-current Arrangement 


The stabilizer output is also used as 
the source for alternating-current test- 
ing for ranges from 0.01 to 100 am- 
peres. A Variac (Type 200C) (K, Figs. 
1, 2 and 3) is used for coarse control 
of the test current. Its output side is 
connected in series with the 2.5-volt 
winding of a 110/2.5-volt step-down 
transformer (M, Figs. 1 and 3) to feed 
a 500-va 120/4-volt “supply” transform- 
er (P, Figs. 1 and 3), of which the 
four-volt winding provides the test cur- 
rents up to 100 amperes, A_ second 
Variac (Type 200 B) (L, Figs. 1, 2 
and 3) is used for fine adjustments of 
the test currents by arranging its out- 
put to supply the 110/2.5-volt trans- 
former (M, Figs. 1 and 3). In order to 
facilitate measurements, a current 
transformer (Q, Figs. 1 and 3) with 
20/25/40/50/80/100 to 5-ampere ranges 
is also built into the set-up and con- 
nected in series with the secondary of 
the 600-va. transformer (P, Figs. 1 and 


Fig. 1. Wiring Diagram 


In testing a-c. ammeters, one of the 
following three circuit arrangements is 
used, depending on the range of the am- 
meter: (1) For ranges greater than 15 
amperes, the ammeter to be tested is 
connected to the terminals marked “cT 
PRI,” and a 5-ampere reference ammeter 
is connected to the terminals marked 
“CT SEC,” with the primary coils of the 
current transformer connected for the 
appropriate range. (2) For ranges from 
1 to 15 amperes, the ammeter under 
test and a reference instrument of the 
same range are connected in series to 
the terminals marked “cT PRI,” the sec- 
ondary of the current transformer (Q, 
Figs. 1 and 3) being shorted by a cop- 
per link at the terminals marked “cT 
sec.” (3) A current transformer hav- 
ing ranges of 0.05/0.075/0.1/0.15/0.25- 
0.5/0.75/1/1.5 to 2.5 amperes conven- 
iently covers current ranges below 1 
ampere. When this transformer is used 
the ammeter to be tested and the pri- 
mary coil of the transformer are con- 
nected in series to the “ALTERNATING 
VOLTAGE” terminals with the current 
transformer coils connected for the 
proper range and the range switch (N, 
Figs. 1, 2 and 3) set on the “40 V” po- 
sition. A 2.5-ampere ammeter is con- 
nected to the 2.5-ampere winding of 
this low-range current transformer. 
Since this transformer is portable and 
is used only occasionally, it is not a per- 
manent part of the equipment and is 
not shown in the wiring diagram. If a 
low-range current transformer is not 
used, then ammeters of the following 
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ranges, either in single or multi-range 
reference instruments, are desirable: 
0.015, 0.03, 0.05, 0.1, 0.15, 0.8, 0.5, 0.75, 
1, 2.5, 5 and 10 amperes. If, however, 
a low-range current transformer is 
provided, ammeters having ranges of 
2.5, 5 and 10 amperes will effectively 
cover most of the ranges normally re- 
quired in testing. 


D, Alternating-voltage Arrangement 

The voltage stabilizer serves also as 
the source for alternating-voltage test- 
ing. The control of alternating voltage, 
0.1 to 300 volts, is obtained by means 
of a Variac (Type 200B) in combina- 
tion with a 60-ohm circular rheostat 
shunted with a 75-ohm fixed resistor, 
the adjustable rheostat being used for 
fine control (J, Figs. 1, 2 and 3). Three 
ranges of voltage, 0-40, 0-160 and 0-300 
volts, are obtained with the aid of a 
range switch (N, Figs. 1, 2 and 3), 
from a 240/120 to 40/20 volt transform- 
er, (O, Figs. 1 and 3). A single-pole four- 
position switch serves as a range switch 
and is used to connect the windings of 
this transformer that the three 
ranges mentioned above are obtainable. 
The coarse and fine controls provide an 
adjustable input voltage of from 0 to 
139 volts on one coil of the primary. A 
panelboard voltmeter gives a rough in- 
dication of the voltage at the terminals 
and a red warning lamp indicates that 
the power-supply switch has been 
closed. Voltmeters of the following 
ranges serve as suitable reference in- 
struments: 1, 5, 10, 20, 30, 60, 75, 150 
and 300 volts. 

It may be more convenient to use a 


so 
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special three-winding 1.5/3/7.5/15/30/- 
60-to-150-volt “potential” transformer 
in addition to a voltmeter having 
ranges of 75, 150 and 300 volts for the 
testing of a-c. voltmeters with ranges 
from 0.5 to 300 volts. In testing with 
this combination the low-range volt- 
meter is connected to the proper low- 
voltage winding of the transformer and 
its readings are compared with those 
of a 75-volt or 150-volt reference instru- 
ment connected to the high-voltage sec- 
ondary winding. The voltage for any 
given indication of the instrument un- 
der test is computed by multiplying the 
corrected reading of the reference in- 
strument by the corrected value of 
transformer ratio for the transformer 
connections used. 
E. Tests on Reversed Direct Current 
This console serves as the source of 
current and voltage for testing amme- 
ters, voltmeters and wattmeters of the 
electrodynamic type on reversed direct 
current. In such a test a reading is 
taken for current flowing in one direc- 
tion and is averaged with a _ second 
reading for current flowing in the oppo- 
site direction, thereby minimizing re- 
sidual or stray magnetic effects. The 
direction of current flow is reversed 
after each reading by means of the re- 
versing switch (R, Figs. 1 and 2). In 
general this method gives more accurate 
results than a straight a-c. test. 
Phantom loading is employed in test- 
ing wattmeters on reversed direct cur- 
rent. Separate sources of voltage serve 
to energize the voltage and current cir- 
cuits of the instrument and a reference 
instrument is used that has about the 
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Fig. 2. Front View 


same voltage and current ranges as the 
instrument under test. This method has 
an advantage over direct loading in that 
he source is required to supply only 
the losses in the instruments and test 
equipment. The voltage coils of the two 
instruments are connected in parallel 
to the terminals marked “DIRECT VOLT- 
AGE,” and the current coils are connect- 
ed in series to the terminals marked 
“DIRECT CURRENT.” Precautions should 
be taken to prevent overloading either 
the voltage or current coils. The panel- 
board indicators are helpful in avoiding 
excessive currents during switching and 
adjusting. The precaution should be 
taken to connect the voltage terminal 
marked + of each wattmeter to the 
voltage terminal marked + on the 
panelboard. Likewise the current ter- 
minals of the wattmeters are connected 
in series such that the terminal of 
one is connected directly to the cur- 
rent terminal on the panelboard. In or- 
der to avoid the errors caused by elec- 
trostatic effects resulting from differ- 
ences in potential of the two circuits, 
the voltage terminal of one wattme- 
ter should be connected to its + cur- 
rent terminal by a length of fuse wire 
or by a voltmeter. 


IV. TESTING AND USE OF 

REFERENCE INSTRUMENTS 
Basically, the method employed in 
our quick-check testing consists of a 
comparison of readings of the instru- 
ment under test with those of a high- 
grade instrument for which the cor- 
rections are known. In our work the 
corrections for these reference instru- 
ments are accurately determined pe- 
riodically (about once every year) in 
a high-precision laboratory. The tests 
in the high-precision laboratory are 
based upon a group of resistance stand- 
ards and unsaturated standard cells 
which show remarkably small drifts in 


value over long periods of time and 
are frequently tested in terms of the 
absolute ohm and volt by other sections 
within this Bureau. These standards 
are used with the aid of potentiometers, 
volt boxes, shunts and associated equip- 
ment in direct-current testing of volt- 
meters, ammeters and wattmeters. Be- 
cause no standard of alternating volt- 
age corresponding to the standard cell 
exists, laboratory-type “transfer” i 
struments of the electrodynamic typé¢ 
are used in the testing of alternating 
current instruments. A detailed discus 
sion of “transfer” instruments is 
tained in papers by F. K. Harris,® John 
H. Park and Arthur B. Lewis,’ and 
Francis B. Silsbee.!° 

The reference instruments, 
ically tested in the high-precision lab- 
oratory, were selected to insure the per- 
formance and reliability needed for 
quick-check testing of other instru- 
ments. In the selection of instruments, 
such factors as accuracy, pointer width, 
use of anti-parallax mirrors, scale 
length, scale marking, temperature 
compensation, zero shift, and magnetic 
and electrostatic shielding were taker 
into consideration. This set of instru 
ments is reserved for use only in this 
test table. Such a restriction tends to 
increase the sustained reliability of the 
instruments and makes it feasible to 
lengthen the time between tests of the 
reference instruments. 


con 
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Ordinarily a permanent-magnet m0\ 
ing-coil ammeter or voltmeter is used 
as a reference instrument to test an- 
other permanent-magnet moving coil 
ammeter or voltmeter on direct current 
A permanent-magnet moving-coil 
electrodynamic instrument is used 
test another of electrodynamic type 0 
reversed direct current, and an electro 
dynamic instrument to test those 
other types on alternating current. 

For tests on a given range of an 
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strument, the points on the scale are 
compared with a reference instrument 
having the same nominal range and 
with the same number of scale divisions 
as the instrument under test, or with 
a greater number. It is advisable, inso- 
far as possible, to use only about the 
upper half of the scale of a given range 
of the reference instrument for com- 








parison tests. It is desirable to have 
standards with 102 scale divisions to 
test instruments with 100 scale divi- 
sions, and standards with 152 scale di- 
visions to test instruments with 150 
scale divisions. Instruments with two 
such extra divisions on the scale are 
not regularly available but can be sup- 
plied by the manufacturer on special 
order. They are quite convenient for 
use in testing ordinary instruments at 
the top scale point. 

It is considered best practice to use 
two observers in making tests, one to 
set the pointer of the instrument under 
test and the other to read the reference 
instrument. One serves as a check on 
the other and thus mistakes may be 
avoided. Ordinarily the instrument is 
tested at five or more of the cardinal 
points on the scale. A hand lens is a 
useful aid in reading the instrument 
scale, 

Many parts of an electrical instru- 
ment, such as pivots, jewels, shunts, 
springs and coils, are subject to irrepa- 
rable damage as a result of improper 

ire and rough handling. It is imper- 
tive that instrument users become 





Fig. 3. Rear View 
aware of precautions to be observed in 
avoiding such damage so that instru- 
ments may give the years of useful 
service that the manufacturer built into 
them. 


V. CONCLUSION 

This description covers the equip- 
ment at present used as a distribution 
and control board for the rapid testing 
of the wide range of electrical instru- 
ments usually found in an instrument 
laboratory. The instruments under test 
are compared with instruments, 
served for use as standards, for which 
the errors are known. These reference 
instruments are periodically tested in 
equipments capable of high precision. 
This implies that others planning to use 
such a distribution and control board 
for comparing one instrument with an- 
other would need equipment for check- 
ing the accuracy of their reference in- 
struments. If standardization facilities 
are not at hand, it might be desirable 
to provide, instead of a number of d-c. 
reference instruments, a portable multi- 
ple-range shunt for direct-current 
measurements and a volt box for direct- 
voltage measurements used in conjunc- 
tion with a Brooks deflection potenti- 
ometer. The accessories and this quick- 
reading potentiometer would then be 
used in place of the less accurate d-c. 
reference instruments. However, if the 
use of reference instruments for check- 
ing was found to be more convenient 
because of a large amount of testing, 
the potentiometer and its accessories 
could be used to test the d-c. reference 


re- 






instruments on direct current and the 
electrodynamic reference instruments 
on reversed direct current. 

In this console, considerable flexibil 
ity, compactness and convenience of ar- 
rangement of source and their control 
have been achieved. This simple and in- 
expensive arrangement serves a variety 
of testing needs and could be readily 
modified to include others. 
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Flight Testing of Automatic Cooling Control: 


By E. P. HETZEL, Chief Flight Test Engineer, Northrop Aircraft, Inc., Hawthorne, Calif. 


URING the evolution of the mod- 

ern military airplane, the necessity 

for providing automatic controls to 
perform certain functions has become 
apparent. This need is most evident in 
connection with power plants of the 
familiar reciprocating-engine type. As 
the number of engines installed per 
airplane and the power output per en- 
gine have both increased, the provision 
of automatic control has become a must. 





EDITOR'S NOTE.—This highly-informa- 
tive article holds wide interest beyond 
aviation. It not only shows how autographic 
instruments aid rapid analysis of phenomena 
occurring during a test, but describes a two- 
part, widely-applicable test procedure that 
can be repeated accurately —M. F. Behar. 





Initial efforts along these lines were 
made in connection with the single- 
seater fighter airplane whose pilot, dur- 
ing combat, was sufficiently burdened 
with his problems in lining up the plane 
as a gun platform without having to 
worry about continually setting various 
cooling controls. The advent of the large 
multi-engined bomber (4 or 6 engines) 
made it necessary to provide a Flight 
Engineer whose primary duty was the 
supervision of the power plants, but 
this additional crew member was im- 
mediately overloaded. In addition to 
watching the functioning of auxiliary 
power units, electrical systems, hydrau- 
lie systems, etc., he might have to watch 
these basie power-plant indications: 


Engine speed ...... . 6 
Manifold pressure ..... 6 
Engine oil pressure .. 6 
Carburetor air temp. .. ie @ 
Oil temperature .... . 6 
Engine cylinder temp.... . 6 

Of these items, engine speed and 


manifold pressure must be adjusted to 
obtain the desired power, but both of 
them are usually maintained automat- 
ically when once set. Engine oil pressure 
is automatically regulated. 
The regulation of the other three items 
carburetor air, oil, cylinder head tem- 


peratures—may be either manual or 
automatic. The optimum use of the 
Flight Engineer’s talents can be ob- 


tained if he is relieved of the duty of 
operating the eighteen switches asso- 
ciated with these three items. We will 
discuss techniques used in determining 
the proper settings of automatic con- 
trols used for these three functions. 

The following items are among those 
which have been requested by various 
procuring agencies: 

1. Accuracy of temperature control 

2. Effect of automatic control of 
cooling shutters or flap on trim of air- 
plane 

8. Effect of automatic control of cool- 
ing shutters or flap on performance of 
airplane (range, rate-of-climb, etc.) 
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Consideration of these items leads to 
the conclusion that the first item, ac- 
curacy of temperature control, is the 
only one which either can or needs to 
be determined. 

With respect to the second item— 
trim changes—it hardly seems fair to 
associate undesirable trim changes with 
automatic control since any trim 
changes which occur during satisfac- 
tory automatic control would have oc- 
curred in the same manner if manual 
contro! had been used. Large-scale in- 
stability might, of course, cause exces- 
sive trim changes, but such instability 
could not be permitted for a number of 
other reasons. With a properly oper- 
ating control, a large flap or shutte 
movement will be required only when 
a large change in heat rejection (change 
in engine power) or a large change in 
available cooling medium (change in 
airspeed) occurs. These changes in pow- 
er or airspeed ordinarily cause trim 








changes in comparison with whi 
cooling flap or shutter trim ¢| 
are definitely secondary. 

With respect to the third item 
formance improvement, it has a 
appeared to our personnel that a 
curate automatic control would lx 
to maintain temperatures more ; 
at the desired operating level tha: 
human operator could hope to do 
consequent decrease in drag and 
provement in performance. Ther 
performance comparison with and 
out automatic contro] hardly seems 
ject to accurate engineering tests. 

That leaves just one item to t 
accuracy of temperature control. | 
case considered here, the reciprocat 
engine power plant is the heat source: 
and ram air, controlled by a shutt: 
exit flaps, is the cooling medium. 

The instrumentation required to 
termine sufficient design data to permit 
a complete correlated analysis would be 
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EDITOR'S NOTE.—This illustration and the tration.) Users of multi-point recorders know 
three others are about one-fourth actual size. Each that this 1s permissible as a general rule and 
shows a section eighteen inches long of the orig- that it should be dome with extreme caution 


inal Brown strip chart, representing a flight test of 
six minutes’ duration. On each of the originals, 
the four different records have been made more 
visible by Northrop Aircraft personnel, who drew 
short lines in ink tween the plhus-mark noints 
made by the instrument's printing nism. 
(Otherwise it would have been difficult for read- 


where there are more-or-less sharp ‘‘corners,'’ es- 
pecially when a human being has tried to apply 

a step function, i.c., a supposedly instantaneous 
change, to an engine or to an airplane. In such 
cases, drawing two straight lines at an angle 
(like a letter L) where a series of automatical lly- 
recorded points gives the appearance of a smoo 
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nore extensive than that required 
nduet operational tests on a pro- 


to co ; , 9 
totype control. Since we are primarily 
concerned with operational tests, only 


the instrumentation required for this 
purpose will be considered 

i. Time.—Any suitable timepiece, in- 
cluding recording instrument’s con- 
stant-speed chart drive; 

9, Engine power.—Selsyn transmit- 


ter; 
8, Control point temperature. 


mocouple ; ss 
4. Cooling flap or shutter position. 


Ther- 











i 
Hy 


_Selsyn transmitter ; 


5. Airspeed (IAS).—Statham 





pres- 


sure transmitter. 


A convenient method of correlating 
and analyzing the data is to record the 
last four items on the continuous strip 
chart of a Brown multi-point auto- 
matic temperature recorder, Model 
161632, the constant-speed paper drive 
providing the time scale. This reco? d- 
ing system permits quick inspection of 
the data during or after the flights. 


| Typical records taken during various 


types of tests are reproduced herewith. 


TEST PROCEDURES 


The testing of an automatic tempera- 
ture control is usually divided into two 


| phases: During the first phase, step 
function changes in cooling potential or 
| heat rejection are applied, followed by 
| steady-state conditions. In the second 


phase, the cooling potential and heat 
rejection are varied concurrently and 
cyclically to determine the amount of 
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temperature overshoot during violent 
transient conditions. The piloting tech- 
nique may be described as follows: 


1. Step function. At an appropriate 
altitude a combination of engine power 
and airspeed is determined, such that 
the cooling flaps or shutter will stabi- 
lize at a slightly-open position when 
level flight is maintained. When stabi- 
lized temperatures and cooling flap po- 
sition have been obtained, the power is 
abruptly increased (while the airspeed 
is held constant) to some value which 
requires a stabilized cooling flap posi- 
tion somewhat greater than the initial 
setting. This airspeed and power are 
maintained until a stabilized cooling 
flap position is obtained—then the pow- 
er is abruptly reduced to its initial 
value, again holding the airspeed con- 
stant. This procedure, if properly car- 
ried out, will keep the pilot quite busy 
as each power change must be as rapid 
as possible, yet must be coordinated with 
the operation of some drag-producing 
device (varying power on the second en- 
gine of a twin-engine airplane or vary- 
ing landing-flap position on a single-en- 
gine airplane) in order to maintain al- 
titude and airspeed. In order to compare 
the control operation during tests in 
which different sensitivity or rate set- 
tings are used, it is imperative that the 
power settings be accurate and that the 
airspeed be maintained exactly (air- 
speed variations of more than plus or 
minus 2 mph may change the cooling 
potential sufficiently to cause apparent 
instability of control if extremely sen- 
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Fig. 4. Performance Check of Cooling Control. 








sitive settings are being used). A record 
of a typical test of this type is shown 
in Fig. 1. 

A similar procedure is used in ap- 
plying a step function in cooling poten- 
tial (airspeed) at constant power. 
Again the piloting technique is difficult 
as it is necessary to alter the drag of 
the airplane as the airspeed is changed 
so that constant altitude will be main- 
tained. A typical record of such a test 
is shown in Fig. 2. 

2. Cyelic variations. From any ini- 
tial condition, the power is abruptly in- 
creased to maximum while the airspeed 
is reduced to a value just above stalling. 
As the temperature rises, the cooling 
flap will start to open. At the correct 
moment (to be described later) the 
power is abruptly reduced to idle and 
the nose pitched down to pick up air- 
speed as rapidly as possible. The tem- 
perature will continue to rise and t! 
cooling flap continue to open for a 
short time after the power is reduced. 
The correct moment to have reduced the 
power is such that the cooling flap does 
not reach the full open position before 
starting to close. Soon after the flap 
starts toward the closed position (i1 
some cases even before it starts 
closing) will be the correct moment to 
pull the nose up, reducing the airspeed 
while returning the power to its maxi- 
mum value. It may require three or 
four cycles for the pilot to get the “feel’ 
of the exact moment to initiate power 
and airspeed changes so that the cool- 
ing flap will not reach full travel dur- 
ing any part of the cycle. This test de- 
termines the amount of temperature 
overshoot during transient conditicns. 
Fig. 3 shows a typical run with cyclic 
airspeed variations at constant power. 


The tests described above are normal- 
ly conducted at two altitudes—tirst nea) 
sea level and later near the maximum 
operational altitude for the particular 
airplane. As a final check, functioning 
of the automatic control is recorded 
during a takeoff followed by an imme- 
diate climb at maximum power at opti- 
mum airspeed to a normal operationa 
altitude and subsequent cruising powet 
level flight at this altitude. Data ob- 
tained during a takeoff and rated powe 
climb are shown in Fig. 4. 

CONCLUSION 

This testing technique may be applied 
to units controlling any cooling medium 
—air, oil, water, Prestone, etc.—and 
to any type of control (off-on, propor- 
tional, floating). It will usually 
found that the critical stability condi- 
tions are encountered at high levels of 
both heat rejection (high power) and 
cooling potential (high airspeed). Sat- 
isfactory completion of the series of 
tests outlined above—complemented by 
a reasonable amount of service testing 
to eliminate service malfunctions—will 
assure that the automatic control will 
perform its design function and thereby 
permit the pilot or flight engineer to 
itilize his abilities most efficiently. 


be 
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MpASUREMENT OF FLUID PRESSURE 


One application of this system is to 
the electrical remote indication of air- 
craft engine oil pressure. There is a 
need for an aircraft remote-reading oil- 
pressure gage with a transmitting ele- 
ment suitable for direct mounting on the 
aircraft engine. The coagulation, at low 
temperatures, of the engine oil in the 
line from the crankcase to the trans- 
mitter of any of the remote-indicating 
| oil-pressure gages in present use makes 
S these gages inoperative during a part 
D of the engine warm-up period. The lack 
I of oil pressure indication at this time 
| frequently leads to serious engine dam- 
age which would not otherwise occur. 
The device herein described is capable 
of offering a satisfactory solution to 
this problem. 

Models of both transmitter* and in- 
dicator** for measuring oil pressure 
are shown in Fig. 1. Fig. 2 shows the 
same transmitter partly disassembled, 
Fig. 3 shows another model of the trans- 
mitter mounted on a test-cell engine 
oil-pump. 

The portion of the transmitter (Fig. 
2) that responds to fluid pressure is a 
piston free to slide within a closely-fit- 
'B ting cylinder. The piston is rigidly con- 
nected to a magnetic core which it posi- 
tions against the restraining force of 
a coil spring. The piston and spring are 
enclosed within a non-magnetic steel 
tube which supports two identical coils 
separated by a magnetic washer, A 
vented plug threaded into the open end 
of the tube serves to adjust the initial 
spring load and to limit the travel of 
the core. 

The indicator, shown in Figs. 4, 5, 6, 
and 7, is a moving-vane crossed-coi] in- 
strument. The coils are supported by a 
plastic form within which the vane is 
free to rotate. The vane (of magnetic 
material) is “threaded” onto the pointer 
shaft in the manner shown in Figs. 6 
and 7. The shaft also carries a perma- 
nent magnet which, in the assembled 
instrument, rotates within a copper 
housing which provides eddy-current 
damping of the moving assembly. A cup 
of magnetic material fits over the cop- 
per housing and shields the magnet 
from the earth’s field. 

When the indicator coils are ener- 
gized, their magnetic fields combine to 
produce a resultant field with which 
the vane aligns itself and thereby posi- 
tions the pointer. Since the position of 
the pointer depends on the ratio of 
the coil currents, this instrument is rel- 
atively free from errors due to varia- 
tions in supply voltage and hence may 
be classified as an “A-c. Ratiometer.” 

The indicator is connected to the 
pressure transmitter as shown in the 
cireuit diagram, Fig. 8. Resistors A, B 
and C are contained within the indicator 
case. With the dial calibrated in oil 
pressure, as in Fig. 1, and the trans- 
mitter properly applied to the source 
| of fluid pressure, this system provides 


*U. 8, Patent No. 2417097 
**U. S. Patent No, 2419612 














Fig. 6. Indicator parts. 


a means of remotely indicating the 
measured quantity. 


MEASUREMENT OF FLUID FLOW 

Another application of this system 
is to the remote indication of fluid rate- 
of-flow through tubing such as the fuel 
supply line of an aircraft engine. One 
model of the flowmeter transmitter’ is 
shown in Figs. 9, 10, 11, and 12. Fig. 13 
shows a sectional drawing of this model 
plus a few minor changes in design. 

Electromagnetically, the operation of 
the flowmeter transmitter is identical 
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Fig. 8. Circuit diagram. 








coILs 


to that of the pressure transmitter. The 
difference lies in the hydraulic system 
used to derive the force necessary to 
displace the core. In this application, 
the magnetic core is tubular, and is de- 
signed to support firmly an orifice plate 
that restricts the flow of fluid. The re- 
striction sets up a 
tial across the orifice plate that posi- 
tions the core against the restraining 


pressure differen- 


* U. S. Patent Application No. 594131 
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Fig. 9. Flowmeter transmitter. 





May 1949—Instruments—Page 403 












































































Fig. 10. Flowmeter transmitter disassembled. 





2a. ts acd NORRATH mre MmaneR Ry 
Fig. 11. Principal parts of flow-rate transmitter. 
brated, the complete system provides 


an accurate indication of fluid rate-of- 
flow. 


ELECTRICAL CONNECTOR 
(3 TERMINALS) 





Test RESULTs 

The pressure gage was tested 
termine the inherent inaccuracies 
electrical system. With the indic 
room temperature (25 degrees ( 
transmitter temperature was 
from minus 55 deg. C. to plus 
C. The maximum error in ind 
was approximately plus-or-mi 
percent of full scale. When the 
voltage was varied from 80 to 12: 
the maximum errors were plus 0 
cent and minus zero percent 
scale. Variations in supply fr 
of plus-or-minus 5 percent p1 
maximum errors in indication of 
or-minus 1 percent of full scale. 


SUMMARY 

An a-c. system of remote indi 
has been presented with specific ay) 
cations to the measurement of fy 
pressure and flow. It should be noted 
that the system provides a remot 
cation of displacement and therefor 
may be applied to any device or machin, 
that can supply the necessary force to 
position the core of the transmitter, 

In the transmitters described, th 
complete isolation of the fluid chambers 
from the electrical system permits the 
application of these units to measure- 
ments of corrosive or inflammable fluids. 
Furthermore, the inherent ruggedness 
and relative freedom from temperatur 
errors ideally suits them for use unde: 
conditions of severe vibration and ex- 
tremes in temperature. 
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Fig. 12. Core and orifice plates. 





NOTCH FOR SPANNER 











force of a coil spring. Fig. 12 shows 












































the core with one orifice plate installed, 
and two replacement plates that ar- é as 
used for different ranges of rate-of-flow. | 
As in the case of the pressure trans- ——4 one 
mitter, the core slides within a non- Yds tp oo 
magnetic steel tube which supports the a | 
electrical windings. SILAS PY 
In operation, fluid passes through the < NOTCH FOR 

flowmeter and sets up a force to dis-  srmmer wrencx 4 COLLAR PRESSED 
place the core against the action of the aro ruse 
spring. The currents in the electric! THREADED ENO FITTING hz > more THREADED END FITTING 
windings have a unique value for each OF MAGNETIC MATERIAL é OF MAGNETIC MATERIA 
core position. Hence, the ratio of indica- iomndieccummniies a a ae 

COMPRESSION SPRING OF MAGNETIC MATERIAL MAGNETIC MATERIAL 


tor-coil currents is a function of core 
position so that when suitably cali- 
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Fig. 13. Longitudinal section of flow-rate transmitter. 


H 








Ne\ 


T is c 
sien 
espe 

tween 

of the 

few pe 
of a lat 
the scal 
tion of 
ber of 
clearer 
ations ‘ 

A nu 

signed 

the cir 
to have 
is a SUE 
in seal 
galvanc 

The | 

cuit (F 
uum re 
rectifyi 
tube, al 
signal i 
be adju 
press tl 
below t 

The " 

nating 


| 


gen’ 


INPUT SIGNAL) 








Fig. 2. 
turning ¢ 
lograph « 





| 


ceq 


us- 


NG 
" 


New Method of Expanding the Scale of a Magnetic Oscillograph 


T is often difficult to observe the tran- 

sient behavior of voltage signals, 
especially where the distance be- 
tween maximum and minimum points 
of the voltage-wave envelope is only a 
few percent of the steady-state value 
of a large voltage signal. By expanding 
the scale a magnetic oscillograph, a por- 
tion of the envelope is expanded a num- 
per of times, thus presenting a much 
clearer picture of the amplitude vari- 
ations during the transient period. 

A number of methods have been de- 
signed to accomplish this purpose but 
the circuit shown in Fig. 1 is believed 
to have the advantage of simplicity. It 
is a suppression circuit and the increase 
in scale is adjustable by varying the 
galvanometer sensitivity control. 

The principal components of the cir- 
cuit (Fig. 1) are a full-wave high-vac- 
uum rectifying tube, a half-wave gas 
rectifying tube, a voltage regulating 
tube, and a Variac. The input voltage 
signal is across points 1 and 10 and can 
be adjusted by the Variac so as to sup- 


| press the portion of the incoming signal 


below the bias point. 
The Type 2050 tube rectifies the alter- 
nating voltage, eliminating the lower 





half of the voltage wave altogether. The 
control grid at point 3 is connected over 
resistor R to the plate. The screen grid 
is connected to the cathode. Therefore, 
across terminals 4 and 5 there is a 
rectified voltage. However, this half- 
wave rectified voltage is biased at a 
certain point by a 105-volt voltage-reg- 
vlating tube between points 5 and 10, 
and the voltage wave is suppressed 
completely below this point. In order to 
maintain this bias point, a glow must 
be initiated and sustained in the tube. 
This can be accomplished by stepping 
up the 115-volts a.c. to 550 volts, and 
then rectifying the full-wave by means 
of a Type 5V4-G tube. Rheostat P is the 
d-c. adjustment. The current needed is 
about five milliamperes for steady state 
in order that constant glow can be sus- 
tained in the Type VR105 tube. The 
25000-ohm limiting resistor prevents 
the current in the d-c. circuit from ex- 
ceeding a certain value. Capacitor C 
acts merely as a filter. 

The two oscillograms in Fig. 2 show 
the advantage of the circuit. An output 
voltage signal of 218 volts rms. from a 
300-kva. 400-cycle alternator was used. 
The oscillograms show the wave-forms 
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Fig. 1. Expanded-scale oscillograph circuit showing oscillograph connection. 





Pig. 2. Oscillogram pictures of voltage-wave envelope of 400-cycle a-c. generator output voltage 
turaing off load. (A) Without expanded-scale oscillograph connected; (B) With expanded-scale oscil- 
lograph connected. {Ed. Note.—-Illustration is five-eighths actual size.} 





By RALPH L. GOETZENBERGER, JR., Meter Engineering Division, 
Meter and Instrument Divisions, General Electric Co., West Lynn, Mass. 


when a 450-ampere inductive load (0.55 
power factor) was turned off. The films 
were taken with a General Electric 
PM-12 two-element magnetic oscillo- 
graph, a calibration chart of which is 
shown in Fig. 3. The galvanometer sen- 
sitivity control was set at 0.5 volt per 
millimeter, the oscillograph being cali- 
brated at the setting. If desired, a 
greater amplification could have been 
obtained by increasing the sensitivity. 
However, in this case, the first peak of 
oscillation of the voltage-wave envelope 
would have been off-scale. 

From Fig. 3 it can be seen that the 
relationship between volts and deflec- 
tion in millimeters is linear above 92 
volts rms. and of a magnitude of one 
volt rms. per millimeter, or 1.41 volts 
peak per millimeter deflection. The 
Variac was adjusted to 118 volts rms. 
across the output terminals, this being 
the most convenient deflection. 
the input voltage was 218 volts rms., 
the ratio of input to output was 218 
over 118, or 1.84. Multiplying the Vari- 
ac ratio of 1.84 by the calibration con- 
stant of 1.41 volts per millimeter gives 
2.6 volts peak per millimeter. Since the 
first peak after turning off the load is 
22.5 mm. above the steady-state load 
value, and since there are 2.6 volts peak 
per millimeter, the first peak must be 
58.5 peak volts above the steady-state 
load peak value. From the oscillograms, 
it is evident that the regulated gener- 
ator voltage reaches a value of 0.5 per- 
cent of its final sustained value within 
a time as little as 290 milliseconds. 

From Fig, 2-A, the deflection of the 
first peak is 3.5 millimeters. The gal- 
vanometer setting was 16.4 peak volts 
per millimeter, so that the magnitude 
of the peak is 57.5 volts which equals, 
approximately, the figure in the pre- 
ceding paragraph. The amplification 
thus can be obtained by dividing the 
ratio between volts and deflection with- 
out the circuit by the value with the 
circuit. By doing this, we obtain a gain 
of 16.4 over 2.6, or 6.3. 

Therefore we are able to read, in this 
particular case, the oscillation of the 
voltage-wave envelope 6.3 times more 
accurately than without it. As previous- 
ly mentioned, the amplification can be 
increased further by changing the gal- 
vanometer sensitivity control. 


Since 
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Fig. 3. Calibration curve of General Electric 
PM-12 two-element magnetic oscillograph. 
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“HEAT INERTIA‘ in 


Problems of AUTOMAT)C 


CONTROL of TEMPERATURE 


By VICTOR BROIDA, Consulting Engineer, Paris, France 


PART III 
ACTUAL CONTROLLERS 
Continued 
POSITIONING-TYPE CONTROLLERS 


As we have seen, Floating Control can be considered as a con- 
tinuous method of control only under some conditions, outside of 
which it is transformed into discontinuous control, this trans- 
formation being reversible as, under some conditions, ‘High-low”’ 
or “‘On-off’’ control can be transformed into Floating Continuous 
Control. 

We shall study now the two types of automatic temperature 
controllers the operation of which is unconditionally continuous: 
the Positioning Continuous Controller and the Positioning Con- 
tinuous Controller with Automatic Reset. 

Fig. 9 is a schematic drawing of an air-operated positioning 
automatic temperature controller. We shall find in this drawing 
the same elements as in Fig. 8 and, in addition, a compensating 
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bellows P connected to the same air tubing which feeds diaphragm 
E. of controlled valve F and subjected therefore as well as this 
diaphragm to the same air pressure governed by amplifying pilot 
valve H, 

This compensating bellows determines the position of pivot O 
of flapper B. This position is not fixed, as in the discontinuous 
controller, Fig. 8, but depends on that of compensating bellows P. 


In this way, when the balance existing at a given moment 
between the heat input to the heating unit and the heat output 
carried away by the heated medium exists no more and when the 
temperature in this heating unit departs slightly from the original 
temperature of balance, the movement of pen A to the right or 
left of its initial position of balance rotates flapper B around its 
pivot O and thus decreases or increases the flow of air through 
nozzle D as compared to what this flow was during the preceding 
period of balance. 

This results in an increase or in a decrease of the pressure exerted 
on bellows J of amplifying pilot valve H and this change of air 
pressure is consequently amplified and transmitted to diaphragm 
E of controlled valve F and simultaneously to compensating 
bellows P. 

In this way, while the controlled valve closes or opens to a given 
extent corresponding to this variation of air pressure, compensating 
bellows P moves to the right or to the left and carries in the same 
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direction pivot O of flapper B. This flapper thus receive 
motion to the left or to the right, i.e., in a direction opt 
that of its original motion resulting from the direct actio: 
A. Its position, which was inclined with respect to that o! 
D, becomes again perpendicular to this nozzle. Thus, the r 
of compensating bellows P tends to bound the decrease 
increase of the air flow through nozzle D resulting from an « 
action of pen A (corresponding to a slight deviation of th: 
perature in the heating unit). 

If the temperature in the heating unit continues to increase or 
decrease, pen A and flapper B continue to move to the right or 
left of their initial position of balance but, in this mov ment, 
flapper B always remains perpendicular to nozzle D instead of 
becoming more and more inclined with respect to this nozzle (as 
would be the case with a ‘‘High-low”’ or an ‘“‘On-off”’ controller) 
and thus moves in a way parallel to itself: 

Indeed, this flapper always remains vertical because to each 
immediate action of pen A, rotating flapper B around its pivot 0, 
will correspond an equally immediate reaction of compensating 
bellows P moving pivot O and straightening the flapper. 

In this way, to each position of flapper B under the opposite 
actions of pen A and of compensating bellows P will correspond: 
(1) a definite temperature governing the position of pen A and, 
therefore, that of the link point of lever Q with flapper B and (2) 
a definite air pressure—obtained by an appropriate position of 
baffle L between ports M and N and by a given flow of this air 
through exhaust port N—this pressure governing the position of 
pivot O which is on the same vertical line as the link point 
positioned by A. 

Furthermore, this air pressure determines a definite position of 
controlled valve F so that—in a way opposite to that of a dis- 
continuous controller, in which the movement of flapper B is not 
limited by any compensating device—this flapper has its move- 
ment bound, as each of its successive positions corresponds 
simultaneously to a given temperature and to a given position 
of the controlled valve. This absolute link between the tem- 
peratures in the heating unit and the corresponding positions of 
the controlled valve is the peculiar feature of a positioning con- 
tinuous controller. 

The movement of flapper B in one direction or in the other 
continues in the described way until the moment when the tem- 
perature change inside the heating unit and the resulting move- 
ment of pen A stop owing to a change in the position of the con- 
trolled valve insuring again a balance between the altered heat 
output and the new value of the heat input. 

It is obvious that this new balance takes place for a new position 
of flapper B and of pen A, hence for a corresponding new tem- 
perature inside the heating unit—both different from those corre- 
sponding to the previous balance. The positioning continuous 
controller therefore is not isothermic. This practical conclusion is 
identical with our previous theoretical conclusions. 


The adjustment of the amplifying action of the controller under 
review is accomplished by altering the action of bellows P on the 
position of pivot O. This means, for a given temperature variation 
inside the heating unit, a more or less amplified movement 0! 
pivot O under the action of compensating bellows P. This means 
also that for a given temperature change in the heating unit, the 
relative opening or closing of the controlled valve can be increased 
or decreased. 

Now let us recall the important relation obtained in Part | for 


Continued on Page 45° 
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What happens when you hear? What happens inside 
pp ) I 

your ear when sound waves come in from a telephone 

conversation ? 


Bell Telephone Laboratories scientists have developed 
special apparatus to help answer these questions, for the 
telephone system is designed to meet the ear’s requirements 
for good listening. 


In the test pictured above, the young lady sits before 
loudspeakers in a soundproofed room with a small hollow 
tube, reaching just inside the ear canal. Sounds differing 
slightly in frequency and intensity come from a loud- 
sveaker. The subject seeks to tell one from another, record- 
ing her judgment electrically by pressing a switch. 
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Meanwhile, the same sound waves pass down the hollow 
tube to a condenser microphone, and a record is made of 
Results help 


reveal the sound levels you can hear clearly and without 


the exact sound intensities she identified. 


strain—the sounds your telephone must be designed to carry. 


Scientists af Bell Telephone Laboratories make hun- 
dreds of tests in this manner. It’s just one part of the work 
which goes on year after year at the Laboratories to help 
keep Bell System telephone service the finest on earth. 


BELL TELEPHONE LABORATORIES 


Exploring and inventing, devising and perfecting, for con- 
tinued improvements and economies in telephone service. 
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The Month’s NEW INSTRUMENTS 


In this department we report each month new devices for measurement, inspection, 
testing, metering and automatic control—in the form of concise technical descriptions. 


FOR FURTHER INFORMATION USE THE POSTAGE-FREE ORDER CARD ON PAGE 463 





Temperature Transmitter 


New “Transaire With Speed-Act” 
force-balance type pneumatic tempera- 
ture transmitter is designed for appli- 
cations where it is desirable to have in- 
dication, record or control remotely lo- 
cated from point of measurement and 
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where it is necessary to have accuracy, 
high speed of response, small thermal 
elements and short range spans within 
limits of —375 and 1000 deg. F. Fea- 
ture is incorporation of “Speed-Act” 
which applies principles of “Pre-Act” 
(derivative action) directly to temper- 
ature determination, which is said to 
be a new measurement technique de- 
veloped by maker. “Speed-Act” is said 


to overcome lag inherently present in 
response of “any form of thermal meas- 
uring element” and to make possible “a 
quality of measurement not before at- 
tainable with any temperature measur- 
ing element, particularly those requir- 
ing separable wells.” Transmitter’s out- 
put in psi is proportional to tempera- 
ture of its thermal element and, by 
means of 0.25-in O.D.- copper tubing, 
this pressure change can be transmitted 
to a recording or controlling receiver 
located as far as 1000 feet away (or 
farther depending on conditions). Oth- 
er unique features: (1) cigarette-sizé 
thermal elements contribute to high 
speed of response as well as conveni- 
ence of installation; (2) Short range 
spans permit closer readings; (3) ad- 
justable operating ranges; (4) Fixed 
air output range of 3 to 15 psi for full 
temperature span is linear to 0.1 per- 
cent assuring repeatability of readings; 
(5) Compensation for barometric and 
ambient temperature changes; (6) In- 
terchangeable unit assemblies; (7) 
Thermal systems withstand overrange 
temperature up to 1000 F. Illustration 
shows components; case not shown 
gives adequate protection from dust and 
moisture.—Taylor Instrument Compa- 
nies, Rochester 1, N. Y. 
Mention No. 501 when filling out card 





Automatic Continuous Analyzer 


New “Model 12-D Infrared Analyzer,” 
for continuous automatic analysis of as 
many as six different components in 
flowing liquid or gas phase stream, con- 
sists of: 1) infrared monochromator, 
similar to that used in maker’s infrared 
spectrometer; 2) turret, automatically 
driven, twelve point (one reference 
standardization point and one absorp- 
tion point for each of six components; 3) 
recorder, L & N 12-noint, strip-chart, 
specially designed tor this instrument, 
automatically synchronized with turret, 
and 4) amplifying circuit, highly stable, 
a-c. operation; compensates for changes 
in ambient temperature, source inten- 
sity, window dirt, ete. Cycling time for 
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six-component analysis is about 6 min. 
Analyzer is particularly time-saving in 
pilot plant in determining optimum 
process conditions. Operating variables 
such as temperature, contact time, flow- 
rate, etc., may be varied continuously 
and evaluated immediately from auto- 
matic analytical record. In continuous, 
multi-stage process, sampling may be 
performed at intermediate stages for 
independent evaluation. In process 
plant, instrument provides permanent, 
accurate record of product concentra- 
tion and purity as well as immediate 
indication warning of process troubles. 
—Perkin-Elmer Corp., Glenbrook, Conn. 
Mention No. 502 when filling out card 


Profile-measuring Microsc 


New profile-measuring micros: 
Swiss manufacture and availab 
for first time, is said to elimina 


necessity of graticules and is far su- 
perior for checking bore diameters, 
pitch and angle of screw threads, for 
checking cutting angles of tools, gages 
and templates, for making coordinate 
measurements and for checking profiles. 
Instrument compares enlarged projected 
image of object with similarly enlarged 
drawing. Magnification may be varied 
between 6 and 50 times. Image of draw- 
ing appears in red in eyepiece and image 
of object is green. Maximum diameter 
of object observable is about 3.5 in.— 
Hauser Machine Tool Corp., Manhas- 
set, N. Y. 
Mention No. 503 when filling out card 





Reversing Contactor 


New “Type 175KXX” small revers- 
ing contactor is constructed for continu- 
ous duty control of a-c. or d-c. equip- 


ment such as motorized valves. Ratings 
are from 1 to 2 hp. and 115 to 550 volts. 
Contactor consists of two 3-pole sole- 
noids for forward and reverse opera- 
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tion mounted on common frame and me- 
chanically interlocked to prevent simul- 
taneous closure. Contacts are complete- 
jy insulated. Auxiliary contacts can be 
added for electric lock-up or interlock. 
All fixed contacts are interchangeable 
as are moving contacts and correspond- 
ing parts on each solenoid.—Struthers- 
Dunn, Ine., 150 N. 18th St., Phila. 7, Pa. 


Mention No. 504 when filling out card 





Instantaneous Voltage Regulator 


New “Stabiline Type IE51005,” 500 
ya. instantaneous voltage regulator has 
input voltage range of 95-135 volts; 
output voltage range adjustable between 





110 and 120 volts, and rated outpu:‘ is 
0-500 va. Frequency in cycles is 60, plus 
or minus 10 percent. Load power factor 
range is given as 0.5 lagging to 0.9 lead- 
ing and wave-form ¢istortion is claimed 
never to exceed 3 pr rcent. Stabilization 
is stated as plus o) minus 0.1 percent 
of preset value; regulation as plus or 
minus 0.15 percent of present value. Re- 
covery time is stated as 3 to 6 cycles.— 
Superior Electric Co., 30 Hannon Ave., 
Bristol, Conn. 
Mention No. 505 when filling out card 


Laboratory Microscope 


New “Model F” laboratory micro- 
scope is said to feature ‘professional 
quality of lenses and mechanism at a 
cost of less than $190.00.” It has a 
parfocal triple nosepiece and carries 
standard eyepieces and objectives of 





r 





high resolving power. Its 4mm. dry ob- 
jective will resolve structive of diatom 
Pleurosigma (classical test for per- 
formance). It has an adjustable draw 
tube as well as coarse and sensitive 
fine adjustment by means of cam shaft 
im separate dovetails. Every moving 
Part can be compensated for wear. 





Substage is elaborate, is said to be 
“perhaps the most interesting feature.” 
It consists of a removable condensing 
lens and an iris diaphragm which al- 
lows critical adjustment of light re- 
flected from large plano and concave 
three-motion mirrors underneath, as is 
needed for oil immersion work. Instru- 
ment as available for immediate de- 
livery is furnished with one eyepiece 
and three objectives, covering a range 
from 100 to 600 X. However, a com- 
plete line of standard eyepieces and ob- 
jectives, including oi] immersion, is of- 
fered permitting magnification up to 
1500 X at high numerical apertures.— 
Testa Mfg. Co., 418 So. Pecan St., Los 
Angeles 33, Calif. 
Mention No. 506 when filling out card 





Oxygen Meter 
New “Magno-Therm Oxygen Meter” 
is production model of oxygen recorder 
fully described in our Feb. 1948 issue, 


' 
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page 170. Photo shows new analyzer 
unit. Recording instrument (which can 
be remotely located) is “Acratron Re- 
corder,” calibrated to read in percent 
ox,gen. Measurement is compensated 
for ambient temperature, barometric 
pressure and variable moisture content 
of gas sample.—The Hays Corporation, 
Michigan City, Indiana. 
Mention No. 507 when filling out card 





Coated Color Filters 

New line of coated filters in all popu- 
lar sizes and color densities (developed 
by EdnaLite Optical Co.) are high- 
vacuum hard-coated on both sides, 
matching effectiveness of a coated lens. 
They are permanently set in “Dura- 
Klad” free-floating rim which protects 
filter disk and makes filter shock-proof 
and easy to handle. “EdnaLite Filters” 
are available in all color densities for 
use with black-and-white film and four 
color densities for Kodachrome.—Rodar 
Distributors, Inc., 95 Madison Avenue, 
New York 16, N. Y. 

Mention No. 509 when filling out card 


Performance Analyzer for 

Automatic-control Systems 
New “Type 6” model of “Servo Ana- 
lyzer” (trade mark), for use with servo 
or automatic-control systems employing 
60-cycle or 400-cycle a-c, error-measur- 
ing devices, is portable, requires no 
auxiliary test equipment. It eliminates 
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mathematical computations and guess- 
work in test procedures. It makes pos- 
sible rapid over-all performance checks 
on servos and control systems for routine 
maintenance, for performance deter- 
mination, or to determine optimum op- 
erating conditions. In speeding develop- 
ment work on new servos, etc., it should 
pay for itself in saving time of special- 
ists. It fills need in educational institu- 
tions (and industrial-firm training de- 
partments) by making such concepts as 
“frequency response,” “transfer func- 


Measuring Machine 


New measuring machine for external 
and internal measurements which is 
adaptable for use as a master check and 
for determining extremely accurate di- 
mensions on pin gages, standard bars, 
and end measuring rods, makes meas- 
urements between hardened steel anvils 
(flat jaws may be substituted for round 
plugs). Precision steel scale is gradu- 
ated in in. and in mm. No. 1 size has a 
measuring range of 80 in. and No. 2 
has range of 120 in. Slide carrying 


vernier and measuring anvils is ac- 
curately fitted and a fine adjustment 
screw has been provided, Vernier easy 
reading, 2.450 in. long. Readings may 
be made very quickly and accurately 
without use of magnifiers. — George 
Scherr Co., 200 Lafayette St., New York 
IS. NW: fk. 


Mention No. 508 when filling out card 
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tion,” etc., come to life as measurables. 
Incorporation of an a-c. VTVM (200 
millivolts to 200 volts) is said to make 
new unit “ideal for test engineer or 
technician who must cover a large area” 
such as a plant, proving ground, ship, 


etc. Also, special tests may be run on 


phase-sensitive detectors, a-c. amplifiers 
with compensating networks, and other 
electronic equipment: two suppressed 
voltages are 
available; relative envelope phase vari- 


carrier-modulated a-c. 


able through 360 degrees. New unit can 
also be supplied for 800-cycle operation 
at no extra charge.—Flight Research 
Engineering Corp., P. O. Box 1-F, Rich- 
mond 1, Va. 

Mention No. 510 when filling out card 


Battery Tester 


New “Model 698” pocket-size battery 
tester rapidly tests, under actual load, 
all dry batteries (1.5 to 90 volts) used 
in hearing aids, portable radios, etc. 





Battery condition is shown instantly on 
“low-?-good” three-color scale; voltage 
readings may be made on calibrated 
scales. Unit has been designed also to 
indicate ability of battery to supply 
power required of it in actual use. Black 
molded case measures 3.06 x 5.88 x 2.56 
inches, weighs 1.25 lbs.—The Triplett 
Electrical Instrument Co., Bluffton, 
Ohio. 


Mention No, 511 when filling out card 
D-c, Timing Motor 

New “Series 5500 and 5700” primary 

time-power source for direct current 

applications has a marine-type escape- 





zaent governor which is unaffected by 
wide variations in voltage, load and 
temperature. Accuracy of plus or minus 
0.1 percent is claimed for “Series 5500” 
under 20 percent changes in voltage and 
plus or minus 1 percent for non-jeweled 
“Series 5700.” Motor is geared to cam 
and balance wheel which operate control 
contacts.—A. W. Haydon Co., Water- 
bury, Conn. 
Mention No. 512 when filling out card 
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Ampere-demand Recorder 


New “Type CCAF Graphic Ampere 
Demand Meter,” latest addition to 
maker’s “Lincoln” watt-demand and 


re an th ay 





159 


ampere-demand meters, provides a rec- 
ord of time and duration, as well as 
extent, of demand, Measuring element 
operates independently of watthour 
meter, is basically similar to that of 
indicating registering “Lincoln” de- 
mand meters. Demand record is not de- 
pendent upon time or “clock” mecha- 
nism, whose sole function is chart drive. 
There are no contacts. Demand at any 
time may be read from chart with no 
calculation other than application of 
chart constant and instrument-trans- 
former constant. Slow movement of 
thermal demand meter minimizes main- 
tenance and permits use of chart 
speeds as slow as 32-day rotation peri- 
od. Chart drive option: synchronous- 
motor, or hand-wound Swiss-made high- 
torque fully-enclosed clockwork. New 
recorders available in 3-phase, 3-wire 
for averaging currents in three feeders 
according to their heating values; in 
two-range (6 and 7.2 amps.)—Sangamo 
Electric Co., Springfield, Ill. 
Mention No. 513 when filling out card 





Smoke Density Indicator and 
Control 
New smoke density indicator and con- 
trol consists of light source, phototube 
holder, and enclosure containing re- 


quired control and incorporating an in- 
dicator calibrated in Ringlemann units, 





all in one unit. Recorder, eithe; 
tinuous strip chart or circula) 
type, can be furnished. In op, 
magnetic relay is set to operat 
smoke density reaches predet, 
level, at which time a blowe, 
over-the-fire heated air to fireb 
smoke density drops to approy 
15 percent. Should smoke densit 
rise, relay is immediately en 
Each time relay operates, a 
sounded.—General Electric Co 
nectady 5, N. Y. 

Mention No. 514 when filling ou 





Sequence Weld Timer: 

New “NEMA 3B and 5B” rela: 
timer employs standard thyratr: 
Front panel is removable for ea 





cess to components. Time period is in- 
dependently adjustable. Timer features 
heavy-duty relays, and arrangement 
whereby panel holding timer dial and 
toggle switches can be wall-mounted 01 
attached to side of welder. Illustratior 
shows panel only with control panel un- 
fastened.—Weltronic Co., 19464 West 
Eight Mile Road, Detroit 19, Mich. 
Mention No. 515 when filling out card 


Nil-pressure Switch 
New nil-pressure-actuated switch, for 
use as a safety device or to control 
electromechanical devices, is believed 
the first of its type to be offered. Its 








unique feature is a pressure-responsive 
element that operates an electric switch 
at a pressure as low as 0.1 inch of mer- 
cury above ambient and yet withstands 
a static pressure of 150 psi. Use of a 
relay and Micro Switch confines |oad 
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4 

fon Micro Switch to current required to 
s actuate relay. Relay -contacts are of 
adequate capacity to actuate most pre- 
Sventive and control mechanisms. New 
device, therefore, should find applica- 
tions where severe pressure drops en- 
danger lives or the proper functioning 
of machinery. Dimensions, 6.25 in. > 
5.37 in X 3.81 in. Sealed cast alumi- 
num housing excludes dirt and mois- 
ture-—Meletron Corp., 950 North High- 
land Ave., Hollywood 38, Calif. 

Mention No. 516 when filling out card 


Surface-roughness Comparator 

New “Pico Surface Comparator’”’ 
checks surfaces against an approved 
sample, and assures instant, accurate 


v4 











bese 


indicator readings. Simple, compact and 
portable, it can be used on production 
line, without special accessory equip- 
ment or specially skilled operators. Op- 
erates from any 110-volt, 60-cycle out- 
let, Comparator consists of indicator, 
exploring head and adapter. Readings 
are taken in 5 sec. by pressing head 
against surface being checked, touching 
actuating button and comparing indi- 
cator reading against master reading. 
Unit has knife-edge pointer, which reads 
only one point on scale, thus eliminating 
calculations or averaging. Area of ex- 
ploration is said to be 500,000 times 
greater than with tracer methods.— 


| Merz Engineering Co., Indianapolis, Ind. 


Mention No. 517 when filling out card 





Automatic Speed Controller 
New “Varitronic” automatic speed 


| control unit for machinery prime movers 


can be installed on existing equipment 








or engineered as part of equipment at 
time of original installation. It is essen- 
tially a simplified system for utilizing 


flexible performance characteristics of 
d-e. motors, but operated from an a-c. 


power source. It embraces either con- 


SPERRY 
REFLECTOGAGE 


TESTS THICKNESS 
OF PROPELLER BLADES 














Inspection of 
Propeller Thickness With 
REFLECTOGAGE 
CURTISS-WRIGHT CORP. 
Propeller Division 
Caldwell, N. J. 


| Leading preneee manufacturers use 
the Sperry Reflectogage to test the 
thickness of hollow propeller blades 
as a guide to final _—s An 
inspector checks wall thickness at 
each blade station. This careful in- 
spection provides a control of wall 
ickness throughout the blade with- 

in established wall thickness limits. 


Propeller blades are only one of a 
large variety of fabricated parts 
which can be measured by the Sperry 
Reflectogage. Others include long 
tubes, formed hollow parts, blades 
and sheet stock, large tanks and 
boilers. 








BEFORE 
FINAL POLISHING 










Operating on the principle of reso- 
nant frequency, the Reflectogage pro- 


vides an economical means of 
measuring thickness of parts which 
formerly were inaccessible for con- 
venient measurement. 


In steel, the Reflectogage measures 
directly from .025 to .300 in. thick- 
ness, indirectly up to 4 in. Other 
metals and plastics can also be meas- 
ured. Access from only one side is 
required. Accuracy is within plus or 
minus two per cent. 


For full information on the Sperry 
pasar write for your free 
copy of Bulletin 3700 -K-5. 


SPERRY REFLECTOSCOPE 


Instantly, accurately locates smaller 
defects . . . penetrates deeper into 
metals than any other non-destruc- 
tive testing device. Saves valuable 


time lost in machining defective ma- 
terial, minimizes rejects. Read all the 
facts on the Sperry Reflectoscope in 
Bulletin 3001-K-5, 


SP-143 


SPERRY PRODUCTS, INC. 





DANBURY, CONNECTICUT 
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stant torque or constant power, and 
control can be held within limits as 
close as 2 percent of basic speed. Use 
of “Varitronic” permits flexible remote 
push button control, dynamic braking, 
automatic reversing, inching, jogging, 
controlled acceleration and deceleration 
and control of input torque or power. 
Motor and brush life are lengthened be- 
cause drive is engineered for a specific 
power range. “Varitronic” can be used 
with virtually any type of power-driven 
machinery.—Industrial Associates, 8845 
W. Olympic Blvd., Beverly Hills, Calif. 
Mention No. 518 when filling out card 


Leather Thickness Measure 


New “No, 25L Thickness Measure” 
can be carried in a vest or watch pocket 
for on-the-spot checks of hides, leather 





strips and leather sheets. Easy-to-read 
dial is calibrated in oz., each garduation 
being equal to 0.25 oz. In addition, a 
small dial and pointer graduated in mul- 
tiples of 8 oz. allow checking of leathers 
up to 20-0z. weight to the nearest 0.25 
oz, Contacts are 0.25 in. diameter and 
open 0.3125 in. They are non-adjustable, 
thus assuring permanent alignment and 
parallelism. An unbreakable crystal 
protects dial face. A grain leather, snap- 
button case and complete instructions 
are furnished.—B. C. Ames Co., Wal- 
tham 54, Mass. 


Mention No. 519 when filling out card 





Portable Projection Oscilloscope 


New “Model 701” portable projection 
oscilloscope produces a picture large 
enough to be viewed by large groups. 
Oscillogram is approximately 16 in. 





wide by 12 in. high. When folded up, 
cabinet is approx. 13 in. wide, 16 in. 
high and 19 in. deep. Uses of “Model 
701” are in educational institutions 
where oscillograms of various wave- 
forms can be viewed in a normally lit 
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classroom, Other applications are in in- 
dustrial monitoring, in experimental 
work, and wherever it is desired to have 
a transient phenomenon viewed by a 
large number of people at one time. New 
PPO has all the controls of a normal 
oscilloscope.—Beta Electric Corp., 1762 
Third Ave., New York 29, N. Y. 


Mention No. 520 when filling out card 





Vacuum Pressure Regulator 


New vacuum pressure regulator 
maintains vacua with high degree of 
sensitivity in range of 0.1 to 50 mm. 





and is said to be advantageous in that 
it has no mechanical moving parts and 
is conveniently used in such procedures 
as distillations, extractions, sublima- 
tions, pyrolyses, etc. It also can be em- 
ployed as a leak detector. Regulator 
has a range of 2 to 50 mm., with a sensi- 
tivity of plus or minus 0.05 mm, with 
mercury in reservoir, and a range of 0 
to 4 mm., with sensitivity of plus or 
minus 0.01 mm. when butyl phthalate 
is employed. Fouling, loss of sensitivity 
and wear are eliminated by single-piece 
construction from Pyrex glass. In use, 
reservoir is tilted to a greater or less 
degree, thus changing head of fluid in 
reservoir and effecting control or pres- 
sure. A vertical micrometer control 
screw aids precise adjustment.—Fisher 
Scientific Co., 717 Forbes St., Pittsburgh 
19, Pa. 
Mention No. 521 when filling out card 





Film-flutter and Wow Meter 


New “Model 491” analyzer for meas- 
uring flutter, wow and drift in sound 
heads, turntables and drive mechanisms, 


| eel 





can be employed with all types 
16 and 35 mm. film, acetate filn 
ers, wire and tape recorders. | 
porates a high-gain amplifier a) 
tentative standards of Soc. of 
Picture Engineers, Three read; 
shown simultaneously on 0.3, ol 
3.0 percent scales. Limiter perm 
ation up to 30 db of input an ide 
—Amplifier Corp. of America. 8.17 
Broadway, New York 18, N. Y. 
Mention No. 522 when filling ov 





Street Lighting Contro 


New photoelectric control f. ect 
lights is fully weather-proof ani eo) 


tains a cartridge-type unit whic ws q 





in similar to a fuse block. A 2-pole 
heavy-duty relay is rated at 25 amps. 
per pole. Switch can be used to bypass Ff 


unit and turn on lights at will.—Jndus- 
trial Electronics, Inc., Hanover, Mass. 


Mention No. 523 when filling out card 





5-in. Laboratory Oscillograph 


New “Series ES-500” high-sensitivity 


cathode-ray oscillograph is a 5-in. lab- 
oratory type with extended range, volt- 
age-regulated amplifiers for multi-pur- 
pose AM, FM and TV applications. It 
was specifically engineered for align- 








ment and adjustment requirements a! 
is not to be confused with ordinary 
general-purpose oscilloscopes. Features 
include: Extended range vertical amp!i- 
fier response to 1 mc. 2 megohm input 
resistance, approx. 20 mmfd. input ca- 
pacity. 20 millivolt vertical amp!ife! 
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sensitivity permits direct alignment and 
adjustment of low gain circuits and ex- 
amination of minute signal levels. Cali- 
brated, frequency compensated, wide 
band “V” input step-attenuator. a8 
X10, X100. Extended range horizontal 
amplifier response to 0.5 Me. 500,000 
ohms input resistance, approx. 20 mmfd. 


input capacity. Direct linear internal | 


sweep coverage from 10 cycles to 30 Ke. 
Compensated multi-vibrator circuit.— 
Precision Apparatus Co., Inc., 92-27 
Horace Harding Blvd., Elmhurst, L. 1., 
N.Y. 

Mention No. 524 when filling out card 





Selenium Rectifier 


New “Model SE8M” high-voltage 
selenium rectifier rated at 5 milliam- 
peres, is announced as “the smallest 





completely sealed rectifier within its 
classification.” Featuring a 0.375-in.- 
diam. tubular housing, it has two tinned 
pigtail leads and is designed for port- 
able and sealed equipment involving 
low-current high-voltage requirements. 
—Bradley Laboratories, Inc.,82 Meadow 
St., New Haven, Conn. 
Mention No. 525 when filling out card 





Beta-ray Thickness Gage 


New beta-ray thickness gage, de- 
signed to measure continuously thick- 
ness of sheet materials moving along 
a conveyor without contacting or dis- 
turbing material, measures amount of 


beta-rays which are absorbed by sheet | 











material being checked, Device actually | 


indicates mass per unit area of mate- 
rial under test, but equipment can be 
calibrated in terms of thickness to help 
operators maintain product uniformity. 


reduce amount of rejected material, and | 


Save on amount of raw material used. 
Source of beta-rays in gage is 2.5 milli- 
curies of strontium 90, a radioactive 
isotope. Those rays unabsorbed by ma- 
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RELAY SELECTION! 


Write today for your copy of this new “Quick 
Guide to Relay Selection’’! 


In it you will find condensed and simplified 
data covering the most widely used 
Struthers-Dunn relays and timers listed 
logically according to function. 


The whole idea has been to make 

it easy for you to select exactly 

Gp the right relays for your 
applications. 


ASK FOR CATALOG G. 


TRUTHERS-DUNN 


} 
\ 


STRUTHERS-DUNN, INC., 150 N. 13th Street, Philadelphia 7, Pa. 


ATLANTA @ BALTIMORE @ BOSTON e BUFFALO @ CHARLOTTE @ CHICAGO e@ CINCINNATI 

CLEVELAND e DALLAS @ DENVER @ DETROIT @ INDIANAPOLIS e KANSAS CITY e LOS ANGELES 

MINNEAPOLIS e MONTREAL @ NEW ORLEANS @ NEW YORK @ PHILADELPHIA @ PITTSBURGH 
ST. LOUIS e SAN FRANCISCO @ SEATTLE @ SYRACUSE « TORONTO 
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M&.G 
“Triple Purpose 


PRESSURE 


TEST UNIT 


Holds any pressure to 
10,000 psi... for gages, 
instruments, valves, 


*1 PORTABLE PRESSURE TESTING 
o' Weight, filled with oil, 8Y Ibs. 


*2 BENCH WORK WITH TEST GAGE 
| (of mounted on aluminum drip pan 


Peet 9 
*3 DEAD WEIGHT TESTING 


MANSFIELD & GREEN 
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terial passing through gaging head are 
gathered in an ionization chamber. An 
attenuated 90-cycle signal is added in 
phase opposition to cancel signal from 
ionization chamber. Attenuator voltage, 
therefore, is a measure of ionization 
chamber voltage, and of amount of ma- 
terial in beta-ray beam. Accuracy is 
plus or minus 2 percent or better while 
drift is not more than 1 per cent per 
hour after a 30 minute warm-up period. 
Under normal conditions, calibration 
need not be made oftener than once 
every four hours.—Special Products 
os ro Electric Co., Schenectady 
dD, NN. 


Mention No. 526 when filling out card 





Instrument-air Dehumidifier 

New “Model 400 SISA” dehumidifier 
for instrument air supply service has 
twin towers, one being regenerated 





while other is absorbing moisture from 
instrument air sypply line, or drying 
gases. Employs “Sovabead” desiccant; 
capacity is 50 to 1,000 scfm.—IJndustrol 
ae on 88-35 76th Ave., Brooklyn 27, 


Mention No. 527 when filling out card 





Portable Electric Indicating 


Instrument 


New “Model 901” series of a-c. and 
d-c. portable instruments have non- 
breakable windows that extend full 
width of instrument, curving around 
each side to reduce shadows, and pro- 
viding brilliant illumination of large, 
readable 5.5-in. scales. Units are equip- 
ped with hand-calibrated mirror scales 





and knife-edge pointers. Inst 
are shielded against external m: 
fields. D-c. units have a new self 
ing mechanism that provides sux 
protection that magnetic field . 
by a conductor carrying 7,000 a) 
a distance of ag ge from inst 
causes an error i indication 
than 0.5 percent of full scale 
“Model 901” instruments are ay 
as d-c. voltmeters, volt-ammete 
meters, milliammeters and micr 
ters; and “Model 904” of series is 
able as a-c. voltmeters, ammete 
milliammeters, all with accuracy 
0.5 percent. In addition, a series 
rectifier type instruments is su 
as voltmeters and milliammeter 
the same accuracy.—Weston Ele: 
Instruments Corp., 617 Freling/ 
Ave., Newark 5, N. J. 

Mention No. 528 when filling out 


Camera for CRO 
New model of “Oscillo-Record’ 
era incorporates “swing-away”’ filn 
rollers for easier film loading ai 








duction of load on drive motor; self- 
oiling bearings throughout to eliminate 
need for frequent periodic lubrication; 
extra support on drive mechanism plate 
for greater rigidity; additional foot on 
camera cover casting for greater sta- 
bility when camera is standing on bench 
or table; tell-tale indicator to show when 
film is moving (indicator will not op- 
erate when film is broken or jammed); 
separate transformer winding for data 
card lights; dynamic braking to bring 
film to virtually instantaneous stop 
when control unit is switched to “off” 
position. — Fairchild Camera and In- 
strument Corp., 88-06 Van Wyck Blvd., 
Jamaica 1, N. Y. 
Mention No. 529 when filling out card 





Open-hearth Optical Pyrometer 
New model of maker’s optical pyrom- 
eter has scale particularly suited for 
measurements of temperatures in open 





hearth furnaces; only critical range !5 
shown, thereby increasing scale by 4! 
percent. Self-contained, direct-reading 
and weighing only 3.5 lbs., new instru- 
ment has blackbody scale graduated in 
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10-deg. divisions from 2200 to 3000 
deg. F. for measuring temperatures of 
furnaces, oven linings and fire boxes. 
Red scale, similarly graduated, covers 
range 2400 to 3300 deg. F. and is cor- 
rected for emissivity of molten iron, 
steel, Monel and other ferrous alloys. 
—Pyrometer Instrument Co., Inc., Ber- 
genfield, N. J. 


Mention No. 530 when filling out card 





Heavy-duty Microswitch 
New “BAF1-2RN” precision switch 
for industrial use is recommended for 
severe service by reason of its high 





inrush capacity and high electrical rat- 
ing. Underwriters Laboratory rating: 
0.75 hp., 115 volts, a.c.; 1.5 hp, 230 
volts, a.c.; 20 amps., 125 to 460 volts and 
10 amps., 125 to 460 volts, a.c. “L”. 
Switch has aluminum case suitable for 
recessed or surface mounting. D-t. 
switch has 2-lb. operating force, 1.75- 
Ib. release force and maximum move- 
ment differential of 0.006 in. — Micro 
Switch, Freeport, Ill, 
Mention No. 531 when filling out card 








Instrument Air Dryer and Filter 


New “Condensifilter,” especially de- 
signed for instrument air service, filters 
and dehydrates air and removes drop- 
lets. Illustration shows unit at left and 
components at center and right. Outer 
case is 8-in. steel pipe 52 in. long. Air 





is admitted at bottom, through central 
tube, and is directed into condensing 
section. To get out of condensing sec- 
tion, air has to travel around scroll and 
pass over all coils of condenser, total 


INSPECTION OF MOVING 


cears i EASY 


with a 


DU MONT 
OSCILLOGRAPH 





A perfect gear 


* Irregularity of toothshape and 

any eccentricity of a gear, in 
motion, is easily detected with the 
new methods of Du Mont Oscil- 
lography. Consider this simple 
test setup for examining a gear 
for regularity of tooth and con- 
centricity of rotation: 





An eccentric shaft 
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Simple test setup 


L is a source of light; L, is a lens; 


ical problem? 





S is a narrow slit. Light is pro- 
jected onto the gear as the gear 


CABLE ADDR 





= 





Irregular tooth size or 
angular spacing 


rotates, the teeth varying the in- 
tensity of the beam in its passage 
to lens Lz, and photocell C. C is 
connected to the vertical ampli- 
fier of a cathode-ray oscillograph, 
such as the Du Mont Type 250 
(illustrated). The sweep of the os- 
cillograph occurs each time a 
tooth passes by. 


If the gear teeth are uniform and 
if the gear runs concentrically, 
these facts will be shown on the 
oscillograph by a curve which 
looks like Fig. A—a uniform and 
stable curve. 


If the shaft is eccentric, the curve 
will appear as in Fig. B; or if the 
gear teeth are not uniform, the 
curve will look like Fig. C. 


Thus the characteristics of the 
gear in the machine may be ex- 
amined easily and inexpensively 
under dynamic conditions 
through the new methods of Du- 
Mont Oscillography. 


* The foregoing is but one of many applications of Du Mont 
oscillographs to the varied problems of mechanical engi- 
neering. Du Mont carries a full line of cathode-ray instru- 
ments and tubes. Why not inquire now into the possibili- 
ties of applying a Du Mont oscillograph to your mechan- 


EQUIPMENT DEMONSTRATED—NO OBLIGATION 


OU MONT A 24% 


ALLEN B. DU MONT LABORATORIES, INC., PASSAIC, N Jj 


ALBEEDU, NEW YORK, N.Y. U.S.A 
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STANDARD SIGNAL GENERATOR 
F 75 ke. t 
Sorte Cupar 8t miaeeen MOOR 
to 2.2 volts. 


STANDARD SIGNAL GENERATOR 


Frequency range: 2 mc. to 
400 mc. Output 0.1 microvolt _— 
te 0.1 volt. 80 


SQUARE WAVE GENERATOR 


5 to 100,000 cycles. Recom- 
mended for AM, FM and tele- ar 
vision testing. 


MEGACYCLE METER 























A versatile grid-dip 
MANUFACTURERS OF oscillator covering 
standard Signal Generat'S ) the frequency range 
Pulse Generators of 2.2 me. to 400 me. 
FM Signal sewer 
are Wave Generators 
= gum Tube Voltmeters e 
UNF Radio oy a 
Steg CIRCULARS 
Bridges 
nd anab ON REQUEST 
Phase Sequence Indicators 
Television and f™ Test 
Equipment 





MEASUREMENTS CORPORATION 
BOONTON fh) NEW JERSEY 
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length of which is 68 ft. Cold water, 
from any convenient source, is passed 
through condenser coils (inlet and out- 
let water connections are in bottom 
head). Water and oil condensed out of 
air drop down into water discharge sec- 
tion, where a snap-action trap blows 
down unit when condensibles have ac- 
cumulated. From condensing section, 
air travels upward around outside of 
five cylindrical filter baskets nested to- 
gether. Each basket is wrapped with 
six layers of canton flannel which acts 
as filtering medium. Air has to pass 
through all six layers before it can get 
into outlet section and out at top. Can- 
ton flannel can easily be removed and 
washed, or replaced with new flannel. 
“Condensifilter” can be opened and all 
parts made accessible or removed by 
unscrewing single holding nut on cen- 
tral hollow shaft.—The Hankison Co., 
1501 Beaver Ave., Pittsburgh 12, Pa. 


Mention No. 532 when filling out card 





Pocket-size Gear Gage 


New gear gage can be carried in a 
tool box or in the pocket. It has 23 
blades of diametrical pitches from 4 to 





64 in 14.5 deg. pressure angles. Teeth 
are of correct involute shape. Segment 
blanks of each pitch are first turned in 
fixtures to conform to full diameter in 
accordance with number of teeth for 
full circle.-—George Scherr Co., Inc., 200 
Lafayette St., New York 12, N. 


Mention No. 533 when filling out card 





Internal-measurement Attachment 
for Micrometer 


New “Microdapter” attachment for 
micrometers permits internal measure- 
ments otherwise inconvenient or inac- 





cessible: cone-shaped measuring points 
project beyond each leg; reach into 
grooves, recesses, behind shoulders, etc. 


Measurements are read directly o1 
lar thimble with original mic) 


accuracy. Available for 1 in. m 
eters in 0.5 to 1 in. range; fo) 
ir 1 to 2 in. range; and for 3 j; 
to 3 in. range.—Rimat Machi», 
Co., 1117 Air Way, Glendale, Cal; 


Mention No. 534 when filling out 





Contact-making Instrume: 


New contact-making inst) 
(called “Meter Relay’’) is for use i; 
matic temperature control, auto) 


Bay 





gaging, sorting, etc. It provides positive 
contact on changes in current or voltage 
as little as 0.5 microamps. or fractio) 
of millivolt. Contact is adjustable ove: 
scale arc. One platinum contact is 01 
pivoted moving element; other is mount 
ed on hand-set red pointer. Contacts. 
closed electromagnetically, can be oper 

ed manually or automatically as desired. 
Instrument has scale over 3 in. long.-— 
Assembly Products, Inc., Main at Bell 
St., Chagrin Falls, Ohio. 


Mention No. 535 when filling out card 





Sound Pressure Meter 


New “Model GA-1002A” sound pres- 
sure measurement equipment has beer 
improved to include a specially isolated 
socket tip which effectively separates 
microphone clamping structure from 
preamplifier extension tube. This isola- 





tion eliminates mechanical resonances 
that might otherwise result in extrem: 
high-frequency range due to standing 
waves which could be set up in pr 
amplifier extension tube under certa!! 
conditions of ase. “H-101”" standard 
microphone (part of equipment) has 
also been re-designed to provide m 

accurate polar symmetry of mechanic 


OE P| 
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ycture resulting in exact acoustic 
ymetry about normal axis of micro- 
ven at frequencies above 20 Ke. 
Dynamic range of new instrument is 
such that sound pressures from less 
than 1 dyne per sq. cm. to 20,000 dynes 
per sq. em. (160-db. level) may be di- 
rectly measured, and a times ten multi- 
plier is available for extending upper 
range to 200,000 dynes per sq. cm. (180- 
db level). A built-in calibrating circuit 


str 
syn 











rmits setting system gain so that ex- 
actly 1 millivolt per dyne per sq. cm. is 


| delivered across 10,000-ohm output cir- 


cuit. Acoustic impedance of standard 
microphone is virtually infinite so that 
accurate sound pressure measurements 
may be made even in very high im- 
yedance environments such as inside 
small enclosures at higher frequencies. 
Complete lack of phase distortion per- 
mits exact reproduction of sound pres- 
sure transients over complete audible 
frequency spectrum.—Massa Labs., 3868 
Carnegie Ave., Cleveland, Ohio. 
Mention No. 536 when filling out card 





Low-level Circuit Analyzer 

New “Model 779, Type 5” analyzer 
for communication system maintenance 
—telephone, carrier current, and trans- 
mission line measurements— measures 
low-level speech circuits with a mini- 
mum of disturbance of these circuits. 





| It is entirely self-contained, requiring 
no power line connection. Being un- 


grounded, all problems of unbalance on 
transmission lines or signal circuits are 
eliminated. Analyzer makes dbm read- 
ings at all audio and carrier current 
frequencies. A-c. response is essentially 
flat to 50 ke. within 1 db over range 
minus 20 to plus 22 dbm, and is usable 
for comparative db readings on all com- 
mon carrier current frequencies above 
50 ke. Unusually low range (minus 20 
to plus 2 dbm) is made possible through 
use of a newly-designed rectifier circuit 
with broad frequency and temperature 
compensation. It permits measurement 
of transmission line characteristics over 
long distances in presence of wide am- 
bient temperature variations. The 1-volt 
a-c, range (minus 20 to plus 2 dbm) on 
“Model 779, Type 5,” has an impedance 
of 2500 ohms, permitting its use as a 
bridging device with a minimum effect 
on relays and other line equipment com- 
ponents. In addition, a 600-ohm switch- 
ing ¢cireuit converts analyzer to a ter- 
minating db meter on minus 20 to plus 





“_—— 


IN INDUSTRY 


For over fifty years Kester has been con- 
cerned with producing solder for every 
phase of industrial work. Take advantage 
of this experience by consulting Kester’s 
Technical Department on all soldering prob- 
lems. There is no obligation. 


FREE—Technical Solder Manual Available on Request 


Send for Kester’s new solder manual, 
“SOLDER and Soldering Technique.” 


KESTER SOLDER COMPANY 
4201 Wrightwood Avenue + Chicago 39, Illinois 


Factories also at 
Newark, New Jersey * Brantford, Canada 


Did you know that Kester makes over 
100,000 sizes and types of flux-core solder? 
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RELAYS and TIME SWITCHES 


of Diamon 


Open Type 
"Coen" Type 
With Plug-in 
Tube Base 
A. C. of D.C. 
Midget Relays 
Dual Purpose 
Reloys 
Delayed 
"Make" or “Break” 
Automatic 
Circuit Control 
“Current” and 
“Potential” Reloys 


Pee 


Ruggedly constructed to exacting 
specifications that are carefully en- 
gineered to provide ample safety fac- 
tor .. . quality all the way through! 

Automatic’s relays are not built to 
a price but to an unexcelled standard 
of performance. That’s why they are 
the choice of so many “big name’”’ 
manufacturers. 

We engineer and build a wide vari- 
ety of stock model relays for practi- 
cally all applications. A staff of com- 
petent engineers will design and build 
relays to fit your requirements. 

Stock models or custom built, ev- 
ery relay we manufacture will deliver 
the same dependable performance 
that has made the “Diamond Seal” 
line the choice of those who measure 
quality by performance. 


TIME SWITCHES — Equipped with 
Synchronous Self -Starting Motors 
and Silver Contacts. 


For any load, for every installation, 
look to Automatic for the finest in 
Time Switches and Interval Timers. 


WRITE FOR CATALOG 


vality 


UM ILTMALRUL EL MEG. CO. 


58 STATE STREET - 








High precision OPTICAL PARTS 
for Research, Development 
or Production. 

. 

PARABOLIC or SPHERICAL 
Mirrors. 

. 

LENSES, PRISMS or related 
components for your 
visual, photographic 
or electronic 
requirements. 
= 
Natural or Synthetic 
CRYSTAL OPTICS 
Lithium fluoride, sodium 
chloride, potassium bromide. 
Fused or natural quartz 
elements: 


Vacuum Coating of 
Optical Parts. 


John Unertl Optical Co. 


8551-8555 East Street 
Pittsburgh 14, Penna. 
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MANKATO, MINN. 
CLEAN DRY AIR 

FOR INSTRUMENTS 
NEW 


CONDENSIFILTER 


Trademark 


Removes water and oil 
vapors by cooling. Auto- 
matically discharges con- 
densed vapors, filters air 
through seven layers of 
finest flannel. 


Condensing section con- 
tains 68 ft. of 4%” o.d. 
copper tubing, providing 
great heat exchange area. 


Condensed vapors are 
automatically discharged 
through snap-action, float 
actuated, valve. 


Filter cartridge, made 
of five concentric, expand- 
ed brass baskets, each 
wrapped with seven layers 
of canton flannel, fur- 
nishes over 15 sq. ft. of 
filter surface area. 


Removal of one 1'/," 
SAE nut dismantles en- 
tire filter for cleaning 
& service. 

SHIPPED READY TO 

OPERATE 


HANKISON CORPORATION 


1501 Beaver Ave. Pittsburgh 12, Pa. 


2 dbm range. Complete ranges ; 
volts a.c. and d.c., d-c. current f 
microamps. to 10 amps., and r 

ranges from 1000 ohms to 10 m 


| along with a transmission m: 


instrument calibrated in 0.5-d} 
make this analyzer a genera 


| instrument.— Weston Electrica] 


ment Corp., 617 Frelinghuys: 
Newark 5, N, J. 
Mention No. 537 when filling ou 


| H-f. Microvoltmeter Com; 


New “Megalyzer, Jr.,” for n 
ment of voltages ranging fron 
10,000 microvolts and for high-fr 


spectrum analysis, has range of 


| tivity that can be increased to includ 
| greater input voltages by attaching ey 


ternal pads. “Megalyzer, Jr.,” is us 
in combination with “Mega-Sweep” and 
standard oscilloscope for h-f. spect 
analysis. When voltages are t 


| measured, combination of calibrated sig 
| nal generator, “Mega-Sweep” an 
| standard oscilloscope is required. N; 

| “Megalyzer, Jr.” has frequency rang 
| from 30 to 500 Me. (useful to 1000 Mc.) 
| and a frequency sweep on display of at 
| least 30 Mc. Frequency resolution is 100 


Ke.—Kay Electric Co., Pine Brook, N. J 
Mention No. 538 when filling out card 


Temperature-time Controller 
New “Model CPR Time-temperatu 


Program Controller” controls tempera 


ture by predetermined schedules. Upp: 
section contains a modified “Model ( 
Veri-Tron Electronic Controller,” hav- 


| ing plug-in compartmented construc- 


high-rating snap-action contr 
| contacts, and featuring uniform control 
levels independent of line voltage var'- 
_ ations. Lower compartment contains 4 


tion, 


synchronous-motor-driven cam whic! 


| by means of a simple back-lash-free 
| linkage, positions control index arm 
| temperature controller as called fo! 











the c 


by th 


| cycle 


clutch 
are in 
glazec 
cycle 
ready 
itates 
struct 
minal 
large 
scales 
3400 | 
and ™ 
multi- 
systen 
surfac 
Corp. 
[llinot 
Men 


Hi; 
Nev 
rately 
used 


the cam contour. Cam may be sheared 
by the user to produce any desired time 
eyele on the printed disk. Safety 
clutches to safeguard mechanical drive 


$5.07 saved a contract 
+ | + 
tegrally provided. A full-gasketed eeoand aq man Ss business 


Saad cover permits observing cam or a Sea : 5 
© cycle position at all times, also permits ig 
| eady removal for changing cams, facil- 

itates initial wiring as it assures unob- 

structed access to master barrier ter- 

minal block and conduit knock-outs. A 

large variety of standard and special 

scales, ranging from minus 300 F. to 
eg 3400 F. or C. equivalent, are available 
and may be coupled with two-position, 
multi-position, or proportioning control 
Ne) systems. Instrument is 9 in. wide, 8 in. 
high, 8 in, deep, designed for flush or 
surface mounting—Dept. P, Taco West 
Corp., 515 N. Noble St., Chicago 22, 
Illinois. 
Mention No. 539 when filling out card 





High-speed Counter Decades 
New counter decades available sepa- 


rately for first time are similar to those 
used in maker’s counters, scalers, ete. 











Special switches were needed to complete an electrical instrument contract. 
Late delivery of finished items would kill chances of future orders and lay off men. 
Switches were 1100 miles away, but Air Express delivered the 15-lb. package 
at 3 a.M.— 8 hours after pick-up. Cost, only $5.07. Air Express now used 
regularly. Keeps down inventory, improves customer service by early delivery. 








They are four-tube decade circuit type 
used in packaging, automatic machine 
control and similar industrial applica- 
tions. Instrument has four direct-deci- 
mal readouts. No complex resistor ma- 





1 C trix is employed. Counter is said to have 


extremely wide bias range which insures 
stable operation. Units can be connected 
in tandem for any registration capacity. 
Plug-in decade illustrated can be used 
at counting rate up to 130,000 per sec.— 
Potter Instrument Co., Inc., 136 Roose- 
velt Ave., Flushing, N. Y. 
Mention No. 540 when filling out card 





Aircraft Power-type Relays 
New “Bulletin 103” magnetically- 
operated aircraft power type relays are 
suitable for remote and automatic con- 


Low as $5.07 was, remember Air Ex- 


press rate included door-to-door service, 
receipt for shipment and more protec- 
tion. It’s the world’s fastest shipping ser- 
vice that every business uses with profit. 


World’s finest Scheduled Airline fleet 
carries Air Express. 24-hour service — 
speeds up to 5 miles a minute. Direct to 
over 1000 airport cities; air-rail for 
22,000 off-airline offices. 


FACTS on low Air Express rates: 


17-lb. carton of hearing aids goes 900 miles for $4.70. 
12 lbs. of table delicacies goes 600 miles for $2.53. 
(Same day delivery in both cases if you ship early.) 
Only Air Express gives you all these advantages: Special pick-up and 
delivery at no extra cost. You get a receipt for every shipment and delivery is 
proved by signature of consignee. One-carrier responsibility. Assured 
rotection, too—valuation coverage up to $50 without extra charge. 
ctically no limitation on size or weight. For fast yO 5 action, 


phone Air Express Division, Railway 


‘Air Express delivery” on orders. 








ixpress Agency. And specify 





Rates include special pick-up and delivery 
door to door in principal towns and cities 








trol purposes where vibration and shock 

are encountered. Basic parts are mount- | = 
ec on a molded phenolic base with front- 
connected post type terminal inserts. 
Contaet gap, tail spring and normally 
| Closed contacts are adjustable. D-c. re- 








AIR EXPRESS, A SERVICE OF RAILWAY EXPRESS AGENCY AND THE 


scHEDULED AIRLINES oF THE U.S. 
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for 
PRECISION 
INSTRUMENTS 


For an illustrated description of how PERMOPIVOTS are made, 
ask for the PERMOPIVOT booklet... Free on request. 


__Freas 





Hot Water Thermometer 


Accurate—Easy to Read 
Dependable 














Case—Brush finished cast aluminum 


Well—Cast iror or brass. Sizes 

available are %” pipe thread by 

3” 2” pipe thread by 2” or 

3” long 

Scale—Figures and lines are black on white back 
ground, Figures and lines are etched, background 


is silver plated. Length is 6” and range is 30° to 
240°F. Ranges of 260° or 280° at top are avail- 
able at slight additional cost 

Tube—Best grade magnifying lens front glass tub- 
in. Actuating element mercury or red spirit col- 


umns 
Adjustment—Each thermometer is fitted with an 
adjusting scréw to permit facing the front or 
scale of instrument to any position. 

Can be furnished in straight or 90° angle type 
as ustrated 

Each instrument packed in individual cardboard 
»ox, Customer's name in IM lots on box. 

Both instruments meet government specifications 
WWP 54! |700E, 

Brine Line Rahge— —40 to 100°F. (Mercury tube) 


FRANCIS L. FREAS GLASS WORKS 
CONSHOHOCKEN, PA. 
Manufacturers of Better Instruments since 1905 


t 
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HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 41 years. 


In general use 
for specification 
purposes. Sim- 
ple, sturdy. 
Comparatively 
inexpensive. 
e 
Illustrated 
bulletins 


free 


The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica 2, N. Y. 


















lays withstand acceleration tests . 
10G and vibrations of 60 cycles 
0.03-in. amplitude. Standard s-p.d-; 


5mm. ‘ 
r film, 





re. azit 
lays are rated as follows: N-O0 n- e In 
tacts: 25 amps., 24V. de. or 115V .¢ by closi 
50-60 cy.; N-C. contacts: 2 amps. dc. Bnanual 


or 115V, a.c., 50-60 cy. Continuous. j,)+, 


; : ity [Rervalor 
coils are available for operation to [Vhen c 
115V. d.c. or 230V. a.c., 60 cy. rd Iand clo 
Leonard Electric Co., Mount Vernoy, Ena pr 
New York. tarting 

Mention No. 541 when filling out id hat dis 

, rinding 
ine co 

bal ‘ ica . ograp 
50-psi. Valve for Hydraulic Ser vice vid Av 


New 54-inch 50-psi. Iron Valve fo, 
hydraulic service has 125-pound Ameri- 
can Standard flanges, is operated hy 


Mentic 


New 
hicknes 
ron or § 













“Limitorque” electric motor connected 
to a threaded reach rod that moves 
valve slowly to prevent water hammer. 
Threads on reach rod can be cut for |thicknet 
speeds from sixty seconds to eight min- jof inst 
utes. Valve is available in larger sizes, 
for higher pressures and in materials 
other than iron.—R-S Products Corp., 
Wayne Junction, Philadelphia 44, Pa. 


Mention No. 542 when filling out card 























Recording Camera 


New “Model C Varitron” for photo 
recording of measuring instruments, 
fluoroscopes, oscilloscopes, etc., has all 
features of maker’s “Portronic’”’ except 
parallax-corrected full-sized viewfinder; 
is composed of three interchangeable 


rent to 
mmete 
) pere 
Bon In: 
ive., Si 


Menti 





parts: (1) Shutter, electrically operated, 
completely automatic, with two sets 0! 
built-in contacts for controlling electron- 
ic flash lamps, counters, sequence timers, 
ete. (2) Body has no moving parts, al- 
lowing flexibility in camera design and 
choice of photographic lens. (3) Film 
magazine has motor and film metering 
equipment built-in; may be had fo: 








5mm. or 70mm. sensitized stock, paper 
; film, perforated or unperforated. All 
agazines interchangable with any cam- 
ra. In operation, camera is controlled 
by closing an electrical contact, either 
‘anually or by sequence time clock in- 


Vhen contacts are closed, shutter opens 
and closes and actuates two contacts 


na pre-arranged sequence. A motor- | 


tarting switch starts film-wind motor 
hat disconnects shutter. At end of film- 
jnding cycle, shutter is automatically 
connected for next operation.—Pho- 
graphic Products, Inc., 955 N. Mans- 


=r VICE sold Avenue, Hollywood 38, Calif. 


ected 
noves 
imer. 
t for 
min- 
sizes, 
rials 
0 rp., 


Pa. 


ard 


\hoto 
ents, 
s all 
‘cept 
der; 
able 


Mention No, 543 when filling out card 





Coating-thickness Gage 


hickness of non-magnetic coatings on 
ron or steel without damage to coating; 





thickness is indicated directly on meter 
of instrument. Two concentric scales 
cover a range of 0.0001 to 0.50 in. In- 
strument’s lightweight and self -con- 
ained battery power supply permit its 
use in field as well as in laboratory or 
n production line. “Coatingage” head 
ontains a coil, connected to a bridge 
ireuit, balanced for zero thickness. An 
increase in gap between coil and base 
netal unbalances bridge and causes cur- 
rent to flow through indicating micro- 
mmeter. Thickness readings are within 
) percent of actual thickness.—Bran- 
rn Instruments, Inc., 436 Fairfield 
\ve., Stamford, Conn, 

Mention No. 544 when filling out card 




























Ductility Tester 


New bench model ductility testing 
nachine for testing drawing qualities of 
heet metal, has exceptionally fast cycle; 
peed of piston travel is adjustable‘with- 
n Wide range by means of simple dial 





eyvalometer, radio signal, sound, etc. | 


New “Coatingage” rapidly measures 





In the new ORIFLOWRATOR 
meter Fischer & Porter 


offers you an 


ORIFICE METER with 













Ree, 


@ No Mercury! 
(or any other 
| manometer fluid) 


@ No Seal Pots! 


 @ No Equalizing 
Valves! 


@ No Overload 
| Problem! 


@ Linear Calibration 
Scale! 

(no square root 

extraction required) 





@ |0 to | Accurate 
Metering Range 





bey “ee ew 
awe | ORIFL @ Suitability for any 
. a. Corrosive Fluid! 








@ Automatic Purging of 
By-pass Line! 


ne j 


For over 10 years now the FLOWRATOR meter 
(formerly rotometer) has been handling ever- 
increasing numbers of fluid metering problems for 
flows in pipe.sizes from '@’’ to 4’’. Now, placed 
in bypass around a main line orifice the FLOW- 
RATOR meter becomes the ORIFLOWRATOR 
meter and takes on the accurate wide range 
metering of any liquid, vapor or gas in any larger 
pipe size while giving you all the advantages listed 
above over ordinary “orifice meters’. Any pressure, 
remote instruments actuated electrically or pneu- 
matically, flange taps or vena contracta taps. 


WRITE FOR NEW CATALOG 39-C 


FISCHER G& PORTER CO. 


HATBORO, PA. 


FLOWRATOR 


DEPT. 9Q-SC 


TRADEMARK 





May 1949—J/ nstruments—Page 421 














“(Da bourden tube of 
pgocial Hesignifor ery 
application Cl 








HEISE GAUGES 


STANDARD OF THE WORLD 








BURLING 


TEMPERATURE 
LIMIT SWITCHES 










MODEL H 


NO Approved by Factory 
Liquios Mutual Laboratories 
Improved High Temperature 
nO Safety Switch. Available with 
GASES switch normally closed for 
cutting off heat, stopping fan, 
closing valve— with switch 
g normally open for lighting 
Literature lamp or ringing bell — with 
on single pole double throw switch 
Request breaks heating circuit 


while closing alarm circuit 

® Acourate, Rugged, Dependable. © Corrosion and heat 
resisting tube. © Dial Pointed for easy setting inside 
case. © Locking sorew locks temperature setting. © Ter. 
minal plate has large screw terminals. © Snap-action 
Micro-Switch eliminates contact troubles. © Range 
minus 100° to 1400°F. Adjustable range 200. © Dimen- 
sions—5'" x 154" x 3” 


INSTRUMENTS ALSO BUILT TO SPECIFICATIONS 
(2 Years Experience Manufacturing Temperature Controls 





RUMENT 
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AMTHOR 


TENSILE STRENGTH 


TESTERS 
for 


PAPER 
CORDAGE 
RUBBER 
LEATHER 

WIRE 

FLAT MATERIALS 







PAPER FOLDING ENDURANCE TESTER 
BURSTING TESTER 
MICROMETERS (POCKET and DESK) 
PAPER BASIS WEIGHT SCALES 
CORDAGE SCALES 
ALUMINUM FOIL SCALES 
COMPUTING SCALES 
RUBBER ABRASION TESTER 


DEAD WEIGHT 
PRESSURE GAUGE TESTER 


TACHOMETERS 
INDICATING and RECORDING 


MERCURY COLUMN GAUGES 


AMTHOR 
TESTING INSTRUMENT CO. ING. 
48 Van Sinderen Ave., Brooklyn, N. Y. 











- 





setting, and complete tests i; 
as 15 seconds are possible, 1 
built with capacity of 15,000 }} 
test material up to 9.125 in. in : 
or 30,000 lbs. for materia] y, 
in. in thickness. Tester is mot, 


Lelorqu 
i rol 

ur di 
eg yeig 
<aRhat | 











hydraulically operated. It inc tole 
two concentric pistons: out: “+ eee 
grips test piece against head ‘ o hig 
machine; inner piston make: en rat 
specimen. Pressure gage, fully | me As F 
against overloading, incorpor: it elera 
mum indicating hand to shov pize 2 
at which yield in the specim: 7 pole s 
Depth indicator shows depth « ¥ ~¥ 
‘y 4 





any moment by direct readi: ver 


City Testing Machines, Inc. 884 8 in. 

nois Ave., Detroit 4, Mich, and ¥ 
ment 

Mention No. 545 when filling | Ave., 

aaerageccss Men 

Hydraulic Sequence Valve 
New “Model 8822” se quel 

prevents flow into branch ci N 

pressure in main circuit ln 3 re er 

‘Bby ne 

bility 









ful lif 
blocks 
able it 
after 
mirro} 
bolic | 
& wire e 
remov 
» often | 
ing a. 
2 mil 
gage | 





predetermined amount. Improved fea: 
tures include hydraulically-balance; 


piston with extra-large bearing s rface Des P 
spring guide; single-diameter bore; a: Men 
large-diameter plunger. Direct operated 

by “IN” port pressure, valves are avail 

able in two pressure ranges of 50 to 50(ff 

psi., and 500 to 1500 psi., with adjust-§ New 
ment from minimum to maximum irfpply” i 
each range. 7 sizes range from 0.25 power 
to 1.5 in—Gerotor May Corp., Balti ously 
more, Md. 


Mention No. 546 when filling out card 





A-c Servomotor 


New a-c. servomotor is said to fea- 
ture high torque, high speed, low inertia, 
small size and light weight. Motor is 4 
400-cycle, 115 volt, two phase, four pole 
induction motor with a torque to inertia 
ratio of 26,300 radians per sec. per sec. 
Motor will reverse fully in 0.2 sec. from 
11,200 rpm, It delivers 2.5 oz-in. sta! 





which 
gardle 
| varyir 
develo 
as a 
useful 
source 
te ab 








Inetrument ie alen e134. ¢..... 


» which varies directly with con- 
' -inding voltage. Motor is 1.75 in. 
&,, diameter by 1.75 in. in length and 













jal 


veighs 6.1 02. Feature of servomotor is 
at it will stop rotating when excita- 
jon of control winding is reduced to 
sro. This motor is especially adaptable 
» high-performance servo systems used 
fin radar, automatic pilots, computers, 
ste, For applications where higher ac- 
sjeration is more important than small 
size and light weight, another new four- 
nole servomotor has a torque to inertia 
ratio of 46,000 radians per sec. per sec., 
with a stall torque of 3.8 oz.-in. It is 
‘el 3 in. in diameter by 2.1875 in, in length 
‘Bond weighs 15 oz.— Kollsman Instru- 
ment Div., Square D Co., 80-08 45th 
jve., Elmhurst, N. Y. 
Mention No. 547 when filling out card 












Gage Blocks 
‘I New set of 83 gage blocks is made 
“" {iby new process said to eliminate possi- 
bility of burrs and thereby extend use- 





aes = it cas 


ful life of gages by 100 percent. New 
blocks differ from those previously avail- 
able in that a final manufacturing step, 
after conventional lapping to produce 
mirror finish, introduces a second para- 
bolic curve on al] eight edges so that 
wire edges produced during lapping are 
removed. Maker states that wire edges 
often are “bent upward” by gage strik- 
ing a hard surface and that a burr only 
2 millionths of an inch high renders 
gage useless.—Gage Div., DoALL Co., 


ed fea: 
lancec 


. 
{ 
: 
- 
: 


urface # Des Plaines, Tl, 

re; ang Mention No. 548 when filling out card 
perater 

2 avail- 





D-c Power Supply 
New “WP-23A Regulated Power Sup- 
ply” is a source of highly filtered d-c. 
power; supplies a d-c. voltage continu- 
ously adjustable from 0 to 300 volts 


) to 50K 
adjust- 
lum iI 


).25 in 


Balti 













card 


to fea- 
nertia, 
or is & 
ir pole 
inertia 
er sec. 
. from 





which remains virtually constant re- 
gardless of line-voltage fluctuations and 
varying load currents encountered in 
development work. Primarily intended 
a8 a stable “B” supply, unit is also 
useful as a low-impedance “C” bias 
source. Both output terminals can oper- 
} ate above ground, potential, as required. 








—.. . ‘eonerine gradient) are possible be- 





—THE REAL MEASURE 
OF PERFORMANCE IN 


F.M. 


Recording Galvanometers! 






*FIGURE OF MERIT 
(Sensitivity X Resonant Frequency’) 

IN THE FIELD of Recording Galvanom- 
eters the primary desire is to have maxi- 
mum sensitivity over a maximum fre- 
quency range. To provide a comparative 
rating by which all makes of galvanom- 
eters may be judged, Consolidated Engi- 
neering has set up a Figure of Merit, 
with sensitivity and frequency range the 





Type 14-108 


Galvanometer Block (9-element) 


prime criteria. 

Galvanometer sensitivity varies inversely as the square of the resonant fre- 
quency, other factors remaining constant, and both are determined by the design 
and construction of the instrument. The Figure of Merit is then determined by 
multiplying the Sensitivity (in millimeters per microampere per meter) by the 
Resonant Frequency (in cycles per second) squared, FM SF’. This Figure of 
Merit is based on current sensitivity. 

Consolidated Galvanometers, long the accepted standard in many industries 
and governmental agencies, rate a high Figure of Merit in all types and models. 
We are proud of this rating—a rating brought about through experience, know- 
how, and expert craftsmanship. 

The wide range of frequencies and sensitivities offered in the two series of 
Consolidated Galvanometers furnishes 20 individual instruments to choose from 
to best fit your needs. The 7-100 Series are 4.5 inches long and 0.24 inches in 
diameter. The 7-200 Series are 2.75 inches long by 0.1625 inches by 0.1825 
inches, the smallest commercial galvanometer available. Both of these series are 
produced in frequencies up to 2000 cps. Magnet Blocks are available for mount- 
ing galvanometers in various numbers up to 36. 

The quality and accuracy of Consolidated Galvanometers have played an im- 
portant role in Consolidated’s leadership in the design and manufacture of Re- 
cording Oscillographs. 

An informative 12-page bulletin on Recording Galvanometers has been pre- 
pared by Consolidated and is available, without charge, by writing for Bulletin 
CEC-1501-X1. 


for information on Consolidated Recording Oscillographs, write for Bulletin CEC—1500—X5. 


CONSOLIDATED GALVANOMETERS— <eadere ta the Field 


CONSOLIDATED ENGINEERING 
CORPORATION 


inalytical Instrument r Science and Industry 


620 NO. LAKE AVE PASADENA 4, CALIFORNIA 
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Instrument is also suited for us, 
tory production lines. For pe 


DIFFEREN TIA LS industrial applications, all-meta “We | 
18A Panel Adapter” is availa} & onl 
1" accessory to permit mounting | :tabje 
P x 3 =e instrument into standard 19-i elay 
16 4 16 racks.—Tube Dep’t, RCA Vict. pj, 


Radio Corp. of America, Camde, \ 7 
Mention No. 549 when — or 


Precision Plus! 





Cycle Timers 


New “Type CF3” single o 
contact cycle timers control a) ; 
cally a one, two, three or four circuit 





ieee 
c 


106 


LOW INERTIA 
SERVO MOTORS 





LOW INERTIA 
(0.23 in? on) 





Descriptive Literetece on Request operation in a predetermined timing 
sequence to operate motors, valves, sig- 


nals, etc. Timer consists of maker’s syn- 
- O R D I N Ss T R U M E N T Cc O. chronous motor with single or multiple 







































DIVISION OF : 
cams operating an enclosed dust-proof 
THE SPERRY C O RPORATI ON snap-action switch. Available in 27 dif- 
31-10 THOMSON AVENUE LONG ISLAND CITY I, N. Y. ferent time ranges, from one rev. in 10 \2 
secs. to one rev. in 24 hours, “CF3” 
timer can be supplied, on request, with 
a knob that allows timer to be started § a vac 
manually so that it will complete one & inter 
operation and stop. A wide range of § capa 
cosTs Too Ho IG H ? ad speeds cogoees unit say - the s 
almost any cycle arrangements.—R. |i. or m 
ENG-SOL Cramer Co., Inc., Centerbrook, Conn. infini 
METHOD Mention No. 550 when filling out card ome ) 
ASK OUR ma 
Force Indicator & Co 
60) New force indicator for designers and Me 
! engineers utilizes a precision compen- 
| sated spring system to give easy force 
Nita nr SURFACE measurements accurate to 0.5 percent N 
at full scale of dial indicator. Spring e 
How our ° 
system is composed of three groups: }§ ates 
Automatic C LEANING . z temp 
Equipment Straight line production re- ; 
. a quires speed and flexibility 
PROBLEM can in the cleaning of fine parts. 
save You The ENG-SOL Method of 











precision cleaning uses a 


We specialize in TIME CONTROL & i i lv 
SEQUENCE CONTROL DEVICES. Original. nigh velocity spray re “i 
ly designed for rubber and plastics molders and air—a single shot thor- 











they are finding increasing use in CHEMI- oughly cleans the surface— 
CAL and OTHER PROCESSES for sequenc- frees it of lint, fingerprints 
ing complex cycles with or without TIME. 4 e see 
Without time they may be keyed to limits lapping compounds or other 
7 Paper ng temperature or other measur- contamination, Extremely 
able values. safe—can not burn nor ex- 
THE "PUSHBUTTON" CONTROLLER ([lllus- lod ¢ te + 
trated) is our MODEL PB-2. It is a HIGHLY SSS SF: Shy WOmprawe. 
FLEXIBLE example of our many adaptable Write for the illustrated (1) main compression spring, (2) com- 
TIME SEQUENCE devices. booklet describing The pensating extension spring and (3) load- F &sses 
ENG-SOL Method. transmission rod-centering springs and F} Varn 
SEELY INSTRUMENT CO., INC. springs internal to dial indicator. Fore: put 1 
315 FOURTH ST., NIAGARA FALLS, N. Y. PASSAIC ANALYTICAL is applied to system through a load <a 
Subsidiary of Aeronautical Manufacturing Corp. t issi Mov t of this roc @ Ms ™ 
aac seaegeeaers NIST UEMEMMEE cficcts compensated spring system. Th |) ‘ure 
Air Operated Hydraulic Valves to 7000 psi 228 Ay on ~ NJ deflection is measured by a low-frict ar A k 
asedion cet ao eee BS a copitanly dial indicator. Accurate force indica- em) 
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at ee Bees ais £. is said to he 2 percent and caf... 





spring gradient) are possible be- 
B eause (1) relationship between force 
and spring displacement is linear 
throughout dial range, (2) gradient of 
spring system is made with an accuracy 
of 0.2 percent and (3) friction is vir- 
t- Diy @& tually eliminated. Instrument is shaped 
le. NJ for easy one-hand operation. Six stain- 
less steel force-transmission rod fittings 
give it a wide range of usefulness. Cur- 
rently available unit has a 10-lb. capac- 
| ity Hunter Spring Co., Lansdale, Pa. 
' Mention No. 551 when filling out card 
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Repeat Cycle Timer 


New repeat cycle timer for refluxing, 
spot-welding, sign flashing, photo fin- 
ishing and similar operations, employs 


timing 
es, Sif 


i= 





nultiple 
t-proof 
27 dif- 
y. in 10 
“CF3” 
t, with 
Started 
te one 





a vacuum-tube circuit to provide timing 
intervals by charging a resistance- 
capacitance network. One cycle initiates 
the second without further adjustment 
or manual operation. On-off cycles are 
infinitely variable between these ranges: 
On, 0.2 to 200 sec.; off, 0.1 to 60 sec. 
D-p., d-t. contact rated at 10 amps, 110 
volts or 2 amps, 460 volts.—G. C. Wilson 
& Co., Chatham, N. J. 

rs and Mention No. 552 when filling out card 
mpen- 
i Thermal Switch 
pring New “Microsen” thermal switch cper- 
oups: [§ ates from thermocouple input to signal 
temperature variations in heating proc- 


nge of 
able to 
R. W. 
mn. 


card 





’ 











% 


ad- esses, and can be employed with valves, 
and —} Warning signals, motors, etc. Signal out- 
‘ore put is by electrical relay for on-and-off 

ad switching at 10 amps., 115 volts, a.c., or 
od J) 82 volts d.ec. Available in four tempera- 
This ture ranges from 100 to 2,000 deg. F. 
tion f} A knob and pointer on case indicates 
lica- Fy ‘em, erature setting. Operating accuracy 











(WITHIN A FRACTION 
OF A DEGREE) 


























ASICO thermostats are manufactured 
to customers’ specifications within the 
normal range of mercury thermometers. 


As the relays used with these thermo- 
stats are important to the proper func- 
tioning of the control, we have devel- 
oped a special line of relays that are 
thoroughly dependable. With ASICO 
thermostats and these pre-tested relays, 
we can guarantee precise performance 
to the fraction of a degree. 


Write for Bulletin 52 


These straight or angle types are stocked 
ready for immediate delivery, with the 
exception of their final calibration to the 
desired temperature. 


SPECIAL TYPES 
and tolerances to your specifications will 
receive prompt attention. 


ACCURACY SCIENTIFIC INSTRUMENT CO. 


2903 NO. 12TH ST., PHILA. 33, PA. 


rt “Types of Thermometers and Aydrometers Wade 


to meet your particular specifications and 
Our exacting standard of accuracy. 








NEW BARTON FLOW METERS 
MODEL 200 MODEL 202 








DIFFEnENTIAL DIFFERENTIAL 
PRESSURE PRESSURE 
INDICATOR RECORDER 

















For the first time, long desired operating characteristics of the actuating element in tlow 
meters has been achieved by Barton Instrument Company. 


Stainless Steel Rupture-Proof Bellows * Torque Tube Drive * Self Venting or 
Draining Actuating Unit * Removable Pressure Chambers * Differential Range: 
0-20 W.C. to 0-300 W.C. 


Write for Preliminary Data Sheets 200-1 and 202-1 


BARION INSTRUMENT CO. 








3502 UNION PACIFIC AVE., LOS ANGELES 23, CALIF. 
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Strain Recording Equipment 





convenience 


The type MRC-15 STRAIN GAGE CONTROL UNIT 
and the type S$8-B OSCILLOGRAPH make up a complete strain record- 
ing laboratory. The MRC-15 contains complete equipment to power 
strain gages and to drive oscillograph galvanometers for recording 
from static strain to a frequency of 5000 cycles per second. It is com- 
plete with strain gage balancing controls, precision calibrating device, 
and power supply equipment. 

The S8-B, with 12 to 48 elements, is a highly-refined general- 
purpose oscillograph with chart speeds of ¥ to 40 inches per second 
designed to accommodate a wide range of galvanometer types and 
characteristics. Precision optical system insures records of highest 
accuracy and quality. Many refinements contribute to versatility and 


INSTRUMENT COMPANY. 


1315 SO. CLARKSON STREET * DENVER 10, COLORADO 


Write for Technical Bulletins 
For the MRC-15, Bulletin No. SP-I95H «© For the S8-B, Bulletin No. SP-165H 



















TEST YOUR 
MAGNETIC CIRCUITS 





RAWSON FLUXMETER 
TYPE 504 


The only portable fluxmeter available 
which returns rapidly to zero when a single 
button is depressed. Simple and fast in op- 
eration. Convenient and light in weight. 

Not limited to a single type of measure- 
ment. Has universal application for labora- 
tories or production. Measures strength of 
magnets and electromagnets, permeability 
and hysteresis loops for iron and steel, total 
flux lines in circuit, flux lines developed in 
air gap, etc. 

Has a mechanical clamp to protect the 
pivots and jewels when in transit. 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


112 POTTER STREET, CAMBRIDGE 42, MASS. 
Representatives 
CHICAGO LOS ANGELES 
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The Accurate Way to 





Measure Extreme 


Temperatures at a glance 


The Simpltied PYRO 
Optical Pyrometer 


SELF-CONTAINED. No 
correction charts, no ac- 
cessories, no up-keep. 
Direct-reading. 


ACCURATE. Permits 
close and rapid temp. de- 
termination — even on 
minute spots, fast-moving 
objects, smallest streams. 
(“Special Foundry Type"’ 
and “Triple Range’’ also 
have RED Correction Scale 
for determining true spout 
and pouring temps. of 
molten iron, steel in the 
open.) 

LIGHT IN WEIGHT — 
Only 3 ibs. complete. 
Handy. 

PROVED IN USE—Foun- 
drymen all swear by it. 


Stock Ranges 1400°F. 
to 7500°F. 


Write for FREE Catalog No. 80—also catalogs 
on other PYRO Pyrometers 


THE PYROMETER INSTRUMENT CO. 
Plant and 


BERGENFIELD 4, NEW JERSEY 
In Canada, Sales and Repair Laboratory: 
Dominion Flow Meter pany Limited 

Toronto and Montreal 














$ 
| 


is said to be 2 percent, and saf, 


are included to open relay in : nas 
failure of any part. Instrume; Bred 
ered 


pensates for temperature vari: . & ind 
from 60 to 140 deg. F. and op at. Mea: 


under line voltage fluctuations sheer? 
130 volts.—Manning, Maxwell &- amp os 
Inc., Bridgeport 2, Conn. 3 eet 
; a P anc 

Mention No. 553 when filling ou: Fcalibri 
eae fo B per m 

Tension Scale ba-c. al 

New scale for tension testin; g respor 


push-or-pull type with scale that 





inserted in small openings and imped 
fier, it 
5,000 
4 megoh 
. Drift 
—Rah 
Broad 
Men: 
New 
eee for OV 
fired ¢ 
to be superior to single-action ty; 
Rods are 6 in. long, threaded and cd 
tachable, Scale can be read in any pos 
tion. Spring is treated alloy steel, shel] 
is brass tubing and scale is nickel plated 
Useful for measuring small torques, 
spring tension, breaker arm tension, etc 
“Model 2-T” has 2 lb. capacity and is 
graduated in 0.25-0z. steps. ‘Model 5-T” 
has 5 lb. capacity, graduated in 1-oz. 
steps, “Model 20-T” has 20 lb. capacity 
and is graduated in 4-oz. divisions 
Pelouze Mfg. Co., 1218 Chicago Ave., 
Evanston, Ill. 
Mention No. 554 when filling out card 
Oscillograph Amplifier Se 
New equipment for measuring and § chamt 
recording strains, vibrations, pressure, J fails, ; 
temperature, sound, geophysical pros- 9B fye} g: 
pecting, etc., includes: (1) New “Model [Btyres 
RO2B” oscillograph (illustrated), a [f protec 
direct-reading instrument with twin |} jimmur 
age, / 
Ambie 
125 de 
17 Bre 
Men 











recorders, synchronous three-speed mo- 
tor drive, and controls. Instrument will 
draw instantly graph of any two elec 
trical signals within its range and dis- 
play their wave-shape, amplitude and 
frequency. Incorporates new ‘“Dura- 
tape” heat-sensitive paper on which 
sharp, legible lines are drawn without 
use of pen. Two parallel charts are each 
40 mm. wide. Recorder sensitivity is » 





volts and 0.9 milliamps. per mm. Fre- F tional 
quency response without amplifier is flat Pinclud 
0-70 eps. Damping may be off, linear of Ficlosed, 
critical, Chart speeds are 12.5, 25 and Pitinuor 
50 mm. per sec. (2) New dual amplifier Pi betwe 


designed especially to drive oscillograph y 
i 








ia 


Bas :wo combination a-c., d-c. amplifiers 
Swith self-contained power supply. Me- 
Mtered d-c. square wave calibration pulse 

8 Hito both channels. Features are indi- 
Fvidual step attenuators, high-gain a-e. 
amplification and adjustable high-fre- 
Squency boost. Square wave pulse of 1, 10 


type 
nd de 
J pos 
» Shell 
lated 
rques, 
n, ete 
ind is 
5 -T” 
l-oz. 
acity 
ns. 


lve. 


ard 


* and 
sure, 
pros- 
ode] 
), a 
twin 







and 100 mv. is provided to give a direct 
Vcalibration in mm. recorder deflections 
Sper mv. for a-c. or d-c. operation. As 
> ,-c. amplifier, instrument has frequency 
4 response of flat 0.1 to 5,000 ecps., volt- 
Jage gain of 75,000, and grid-to-ground 
} impedance of 2 megohms. As d-c. ampli- 
fier, it has frequency response of 0 to 
5,000 ecps., voltage gain of 3,000 and 2 
megohm impedance, grid to ground. 
Drift is less than 1 chart mm. per hour. 
—Rahm Instruments, Inc., 12 West 
Broadway, New York 7, N. Y. 

Mention No. 555 when filling out card 





Gas Flame Safeguard 
New model of combustion safeguard 
for ovens, kilns, boilers and other gas- 
fired equipment is comprised of flame 





rod “Type 45JQ1” and control “Type 
24QJ5.” Flame rod, attached in heating 
chamber, “feels” flame and, if flame 
fails, signals to control which turns off 
fuel and sounds alarm. Instrument fea- 
tures fail-safe circuit with safety-start 
protection and ease of installation; is 
immune to moisture or electrical leak- 
age. Available for 115 or 230 volt a.c. 
Ambient temperature is stated as 32 to 
125 deg. F.—Combustion Control Corp., 
17 Broadway, Cambridge 42, Mass. 


Mention No. 556 when filling out card 











Solenoid-operated Valves 


New group of small, light-weight, 
# solenoid-operated valves for air or fluids. 


: 


# suitable for operation over an excep- 





‘tionally wide range of temperatures 
)includes “Model 10041,” a normally- 
"closed, two-way valve designed for con- 
‘tinuous duty at ambient temperatures 
}between minus 65 and plus 200 deg. F. 
)/: handles air or fluids at pressures up 











A handy rotameter kit 
for Laboratory and Pilot Plant 








Our Multi-Range Flow Rate Kit gives 19 gas ranges 
from 5 to 10,500 cc/min., and 19 liquid ranges from 
0.1 to 325 cc/min. Higher ranges can also be obtained 
if necessary. This Kit is now an important research 
adjunct in hundreds of laboratory and pilot plants. 
Write for Bulletin No. 5. 


BROOKS ROTAMETER CO. 


BOX A-5249 LANSDALE, PA. 


Wh jaf 
oP ” A y 
Vas? GHG GPW 


WITH precision accuracy and matchless dependability our “glass- 
masters” are prepared to fabricate any specific glass apparatus 
requirement for the instrument industry. We are actively engajzed in 
the manufacture of scientific glassware, and are equipped to supply your 
“tailor-made” needs swiftly, efficiently and at low cost. 


Write Now! 
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Included are complete descriptions 
and specifications on wire wound resistors 
of all types and sizes. Each is precision 
wound to close tolerance, and many 
feature special moisture-proofing to assure 
proper functioning under severest 
climatic conditions. INRESCO Resistors 
—available for IMMEDIATE 
DELIVER Y—are supplied in standard 
or custom types to meet the most 
unusual design or operational require- 
ments, and are offered at prices that 
benefit from mass production facilities. A 
copy of the new INRESCO catalog 

will be helpful; write for it today. Prices, 
samples and estimates promptly 
on other than standard resistors. 


INSTRUMENT 
COMPANY 


1036 COMMERCE AVE., UNION, N. J. 


A QUICK 
SIGNAL .. 


That’s what you want 
from a thermocouple 


THERMO’S improved Protected 
Thermocouples respond rapidly to 
any temperature changes, as the hot 
junction is an in- 
tegral part of the 
thin-walled protec- 
tion tube. 

Used extensively 
for pilot plants and 
processes requiring 


frequent tempera- . 
ture checking, these 
Iron Constantan \2 
thermocouples have 
either Quick Cou- a 
pling Plug or Screw 
Connection; 3/16" ” 
stainless protection 
tubes and %” ° 
N.P.T. brass fit- 
tings. Immersion as 
lengths from 1” to m 


8”. Chromel Alumel 
or Copper Constan- 
tan also available. 


Write for our Catalog F. 
primo ELECTRIC CO. 


oon _*FAIR LAWN. N.J. 
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IT WILL PAY YOU TO 
CONSULT THE NEW 


MU CURLER RACKRULCR RAR CRERLACSEECLRERCEREAR ETAT 


RESISTORS 


GQURLKCCRA AKA MELTRAGRRLERIRSSSRALESLELRRSERSELE SES 
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ENGRAVER 





Permits accurate reproduction of 
three-dimensional master on any of 
four reduction ratios. 


Catalogue on request 


MICO INSTRUMENT CO. 


86A TROWBRIDGE STREET 
CAMBRIDGE, MASS. 








| Electronics Co., Inc., 152 West 25 Stree! 
| New York 1, N. Y. 


to 12 psi. Other models, both +: 
and three-way, are capable of 
fluids or gases at pressures 
psi. and can operate intermitt: 
temperatures as high as 450 d 
Carma Mfg. Co., 2401 E. 108rd T 
Angeles 2, Calif. . 
Mention No. 557 when filling o 


Tube Expander 


New electrically-controlled tu ey. 
pander capable of precision w : 
in inexperienced hands, is said { 


crease output as much as 50 percent, 
eliminates over-expanding and reduces 


erosion possibilities. Unit consists of 
control, automatic voltage regulator, 
driving motor and expander. Operates 
on 115 volts, 60 cycle a.c., and has shut- 
off which can be set at any desired 
value.—Crane Packing Co., 1800 W. 
Cuyler Ave., Chicago 13, Til. 


Mention No. 558 when filling out card 








High-voltage TV Probe 


New “Super Probe” with any vacuum 
tube voltmeter permits accurate meas- 
urement of high voltages in television 
sets, X-ray machines and other High 
Voltage apparatus. Improved desigr 
makes that portion of probe relatively 





- 


cold where it is gripped by hand. Long 
slenderized hot portion of probe is sepa- 
rated from handle by heavy duty laby- 
rinth barriers. It is easy to get intof 
tight places that present a problem to 
bulky probes. Multipliers extend range 
of vacuum tube voltmeters times 100. 
Probes are rated for use up to 30,000 
volts—are guaranteed up to 30,000 
volts and have an extensive safety fac- 
tor, They are supplied with proper co-a\ 
or other connector ready to attach to in- 
dividual instrument specified.—Reiner 





Mention No. $59 when filling out card 





Microwave Dielectrometer 


CORRECTION: March issue, page 
241, name of manufacturer should hf 
Central Research Labs., not Genera! Ke F : 
search Labs. 














| ELIMINATE 
F, Z.10,000 I PAPER WORK, HEADACHES y) 


; a AND INSTALLATION PROBLEMS 
. Turns per Minute 








of 

PIECEMEAL 
PURCHASING 
and 

FIELD ASSEMBLY 















Brings counter close to coil 
for precision winding at high 
speed. Subtracts turns removed. 










re “ome . Quick, one-motion reset. Gears 
reduces obbed on own shafts. Extremely 
ists of long life. Many other features. COMPLETE, 
rulator, Prompt shipment. Thousands in use. PRE-FABRICATED 






Send for Catalog or order sample 


on approval. ‘ IN ST RU M E NT 


702 W. JACKSON BLVD., CHICAGO 6, ILL. PIPED AND WIRED 


Representatives in Principal Cities . 


a, 


perates 
is shut- 
desired 


SOU W. 















C 







facuun 
» meas- 
€vVisior 
r High 
desig 


atively 


WORLD’S MOST ACCURATE AND RUG- 
GED TIME MEASURING INSTRUMENT. 
CAN BE MANUALLY OR ELECTRI- 
CALLY OPERATED. FURNISHED IN 
PORTABLE CASES OR FOR PANEL MOUNTING. Complete installation can be “packaged” by Panellit, 
including the purchasing of all equipment in accor- 
dance with your specifications. Or, the instruments 
and controls can be furnished by you. 








% 






Totalizes | Accuracy 





_ Long . 6000 sec. -| +09 sec Panellit has overcome the problems involving the 
S$ sepa- —— + correlation of mechanical and electrical equipment 
y laby- Be sec Kai by developing signalling and interlocking devices, 
“ “ye 100 min min relays, manual controls and other accessories for 
lem to ; ; 
. RNS IMERE VeSUMMMRE Gass Sook a special requirements. 
range 

4 heleleiy-ra , 
s 100. encloses tli alltime All types of panels from standard stock sections 
30,000 1. | 10 min |= for flexibility to cubicles for specific applications. 
35,000 : ED ERNE 
ty fac- af : ; ; 
r c0-aX Tet Pre-fabrication spells simple and earlier start-up for 
to in- ; | oes: | saw xe your plant. Write for Complete Data. 
Reiner MST-500 |1 1000 sec. | 30 sec 
Street, 





WRITE FOR BULLETIN 153 


also Standard Chrono-Tachometers °* 
‘ Standard Custom-built Laboratory Test and Distribution panels 


| ”™ Standard Electric Time Coa. | 


ca rd 





PANELLIT, INC. 


93 Logan Street FANS Springfield, Mass. 7212 N. CLARK STREET + CHICAGO 26, ILLINOIS 
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INSTRUMENTS ON THE MARC 





WASHINGTON, D. C.—The magnet- 
ic moment of the hydrogen nucleus, or 
proton, has been accurately determined 
in absolute units by H. A. Thomas, R. 
L. Driscoll, and J. A. Hipple at the Na- 
tional Bureau of Standards. The gyro- 
magnetic ratio of the proton, from 
which the magnetic moment was ob- 
tained, has been accurately determined 
by measuring the magnetic field and 
radio frequency required for magnetic 
resonance absorption in a proton sam- 
ple. This is the first precise determina- 
tion of the proton moment in absolute 
units; all previous measurements ap- 
proaching this precision have been made 
in terms of the relative values of other 
physical constants. The nuclear reso- 
nance method used in this work at the 
Bureau is a natural extension of basic 
work by F. Bloch and by Purcell, Tor- 
rey, and Pound. 

This new measurement of the pro- 
ton’s gyromagnetic ratio also provides 
an accurate secondary standard for 
magnetic fields. In the past, laboratory 
measurements involving both magnetic 
and electric fields have been limited by 
the low accuracy of the magnetic meas- 
urements. Now the situation is reversed 
and magnetic fields can be measured 
more accurately than electric fields. 
This advance will be especially useful 
in the design and development of sci- 
entific and industrial apparatus em- 
ploying magnetic fields. 

The nuclear resonance techniques de- 
veloped in the course of this work can 


Measurement of Proton’s Magnetic Moment Will Improve Instruments and § -1\ 0. 


be applied to good advantage wherever 
the strength of a magnetic field must 
be closely regulated. The problem of 
magnetic field measurement and regu- 
lation arises widely in the use of in- 
struments—mass spectrographs, beta- 
ray spectrometers, etc.—and in indus- 
trial control equipment—servomechan- 
isms and electromagnets. 

Any application of the nuclear reso- 
nance techniques would make use of 
properties of the magnetic moment 
arising from the proton’s intrinsic an- 
gular momentum, or spin. In the pres- 
ence of a magnetic field, the proton 
can orient itself either parallel or anti- 
parallel to the direction of the field 
(see Fig. 1). These two orientations 
then represent the alternative spin 
energy states for magnetically polar- 
ized protons. The parallel orientation 
is the norma] state, while the anti- 
parallel is the excited state, which is 
higher in energy by an amount that de- 
pends on the strength of the magnetic 
field. 

Because of their magnetic moment 
and angular momentum, protons will 
precess around the direction of an ap- 
plied magnetic field in the same way 
that a gyroscope will precess in a gravi- 
tational field. The rate of precession 
is independent of the proton’s orienta- 
tion. In a given magnetic field, a pro- 
ton can reverse its spin orientation only 
by taking on or giving off energy at 
this one resonance frequency. Since 
magnetic resonance absorption is inde- 





Fig. 1. SCHEMATIC OF PROTON’S MAGNETIC RESONANCE 


In the absence of any electric or magnetic 
fields, the spinning protons, or hydrogen auclei, 
are oriented in space at any instant in a complete- 
ly random manner The direction of the magnetic 
moment is represented by a straight arrow on each 
proton. The curved white arrows indicate the di- 
rection of spin. Both magnetic moment and spin 
are fundamental physical properties of all nuclear 
particles. 
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In a steady magnetic field, most of the protons 
line up in the direction of the field (normal spin 
state), while some of them line up with their 
axes pointing in the opposite direction (excited 
spin state). The difference in energy between the 
normal and excited spin states depends on the 
strength of the magnetic field. Each proton will 
precess about the direction of the field at a rate 
that depends on the field strength. 








pendent of atomic or molecu: 
ordinary water can be used a 
ton sample. 

The frequency required fo: 
versal involves the proton’s ¢ 
netic ratio, a fundamental 
property with a constant va The 
magnetic resonance frequency and the 
magnetic field strength are linearly ye. 
lated by a rather simple equatio), 

If the value of the gyron 
ratio is known, the field can b 
mined from the radio frequen 
produces spin transitions in the 
sample. Alternatively, the proton’ 
romagnetic ratio may be determi) 
from the values of the field and 
spin-reversal frequency which produc 
magnetic resonance. Since the spi; 
transitions occur at ordinary radio fre- 
quencies for the usual values of mayg- 
netic field strength, resonance absorp- 
tion is not difficult to observe. 

A typical experimental set-up at the 
NBS includes a water sample placed 
in a magnetic field of 4700 gauss and 
surrounded by a small radio-frequency 
coil with its axis perpendicular to th 
magnetic field. Thus, if the coil is ex- 
cited by a 20-megacycle signal, an r-f 
field will be produced in the sample and 
protons in the normal spin state wil 
absorb r-f. energy and shift to the ex. 
cited state. A sensitive Q-meter can be 
used to detect the reduction in the Q of 
the coil resulting from this energy ab- 
sorption by the nuclei. Energy absorp- 
tion can continue to take place be- 
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If a radio-frequency field is superimposed on ' 
magnetic field of the proper strength, some of the 
protons in the normal spin state will take 00 
energy from the radio-frequency field and shift ' 


the excited state. This process of taking on eners’ Biminus 
is known as nuclear resonance absorption. In : 13.376 
given magnetic field, a proton can reverse its spit R)  . 





orientation only by taking on or giving off enert) 
at one resonance frequency. 
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use protons in the excited spin state 
dually return to the normal spin 
mate by losing their energy thermally 
» the surroundings. This return to the 
hormal spin state involves a relaxation 
ime which depends on the kind of pro- 
on sample used. 
If the value of the field at the sam- 
. ple is varied at an audio rate, the r-f. 
‘Tyoltage across the coil will change 
isharply as nuclear resonance occurs. 
Sresonance can then be detected without 
sing a Q-meter since, if the voltage 
’sica) pulse from the coil is rectified and am- 
plified, the resonance absorption line 
| the fimay be displayed as a stationary image 
early re-fign an oscilloscope screen. By including 
ion, , differentiating circuit to obtain the 
ime rate of change of the resonance 
pulse, the magnetic field strength can 
be regulated extremely closely through 
‘roton ga power amplifier and feed-back circuit. 
‘on’s gy-MA regulator of this kind at the NBS 
has given a magnetic field stability of 
wo parts in a million for a change of 
one percent in main magnet excitation. 
In order to measure the gyromagnet- 
ic ratio of the proton, the magnetic 
field of the large electromagnet was 
stabilized by this resonance method. 
The spatial distribution of the field was 
improved by shimming the magnet gap; 
the remaining field variations were 
then mapped to 1 part in 50,000 by 
probing the field with a resonance de- 
tector. With the field stabilized, the 
frequency of the r-f. voltage applied 
to the coil enclosing the proton sample 
was adjusted to produce magnetic re- 
sonance. The magnetic field strength 
was then determined to 1 part in 20,000 
by measuring the force on a known 
length of current-carrying wire placed 
in the field. This wire was in the form 
of a nine-turn coil wound on the edge of 
a long rectangular glass plate with its 
lower end in the magnetic field. The 
plate was supported by an analytical 
balance so that the force resulting from 
the interaction of the coil current with 
the magnetic field could be accurately 
measured. The stray field at the upper 
end of the coil was reduced to zero by 
a pair of Helmholtz coils and, since the 
long parallel sides of the coil did not 
contribute any vertical force, the chem- 
ical balance measured only the force 
acting on the part of the coil along the 
lower end of the plate. The method used 
in the measurement of the magnetic 
field is similar to one employed pre- 
iously by Briggs and Harper. 
The frequency of resonance absorp- 
ion Was measured to a few parts per 
million by heterodyning the r-f. gen- 
rator supplying the resonance probe 
against the standard frequency broad- 
asts from WWV. These measurements 
of radiofrequency and magnetic field 
are then all that is required to estab- 
lish the value of the gyromagnetic ra- 
tio of the proton. Taking into account 
sthe precision of each measurement, this 
pvalue turns out to be 26,752 plus-or- 
eners Beminus 2. This accuracy of one part in 
a sol § 12,376 is seventy times better than the 
renerg peeeSt previous absolute measurement. 
The value for the magnetic moment of 
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Fig. 2. General view of the experimental set- 
up for the absolute measurement of the proton 
magnetic moment in the Atomic Physics labora- 
tory at the NBS. The main framework provides 
a rigid support for the precision chemical balance 
(top) which measures the force on the current- 
carrying coil that hangs between the poles of the 
large electromagnet to determine the strength of 
the magnetic field. A rectangular glass plate is 
suspended from the balance; its lower end in 
the space between the pole pieces of the magnet. 
Nine turns of specially drawn copper wire are 
wound around the outer edge of the plate in 





Fig. 3. Top view of magnet assembly showing 
large cylindrical metal cases enclosing the main 
field coils. Dr. Thomas is shown adjusting the 
position of a nuclear resonance detector to plot 
the strength of the magnetic field. The proton 
sample itself (ordinary water) is enclosed in a 
glass ampule between the local field’ coils mount- 
ed on the tip of resonance detector at the edge 
of the pole pieces. 
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parallel guide grooves. Electrical measuring in- 
struments (left) are used to determine the coil 
voltage and current with extremely high accuracy. 
The electronic equipment (at the right rear) con- 
sists of a 20-megacycle signal generator, power 
supplies, and servo circuits to regulate the mag- 
netic field strength and to detect resonance in the 
proton sample. A trace of the resonance absorp- 
tion line appears on the oscilloscope screen when 
the r-f. circuits have been tuned to resonate with 
the proton absorption frequency. The radio receiv- 
er (extreme right) calibrates the r-f. signal against 
standard frequency from NBS station WWYV. 





Fig. 4. Close-up of the nuclear resonance probe 
in the gap between the pole pieces of the magnet. 
The proton sample is ordinary tap water enclosed 
in a glass ampule surrounded by a small 20-mega- 
cycle radio-frequency coil. The two narrow coils 
at each side of the sample are used to vary the 
local magnetic field. A rack and pinion arrange- 
ment allows the resonance head to be moved to 
any desired point in the magnet gap. 
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Fig. 5. (A) Complete block diagram of the experimental instrumentation at r-f. coil. (C) Representation of the field conditions in the vicinity of the 
the NBS for the determination of the magnetic moment of the proton. proton sample, showing magnetic lines of force (heavy straight lines) 


(B) Perspective view showing general arrangement of the two pole pieces 
of the magnet, the ferce wire, and the proton sample surrounded by an 


the proton, in absolute units, is 1.41000 
10-23 gauss cubic centimeters and is 
accurate to 1 part in 6000. Work under 
way will extend this accuracy. 

The Bureau’s research on the abso- 
lute proton moment makes it possible 
to examine the accuracy of other phys- 


ical constants whose values depend on 
magnetic field measurements. In a re- 
cent experiment reported by Taub and 
Kusch of Columbia University, the nu- 
clear g-factor of the proton was meas- 
ured by the molecular beam method rel- 
ative to the atomic g-factors of certain 


Performance of Portable Electrical Instruments 


WASHINGTON, D. C.—Most port- 
able electrical instruments depend upon 
an internal magnetic field for their op- 
eration. A stray external field may how- 
ever modify this interna! field and make 
the instrument read incorrectly, par- 
ticularly when the external field is not 























taken into account. To determine the 
extent of such fields and how best to 
minimize their effects on voltmeters, 
ammeters and wattmeters, an investi- 
gation of a representative group of 
commercial portable instruments was 
undertaken by A. E. Peterson and asso- 
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Fig. 1. Graphs showing effect of magnetic fields 
on moving-iron instruments. Note that of 11 in- 
struments examined, seven exhibited field influen- 
ces within their — figures in a 1-gauss 
field, four in a 2-gauss field, and none in a 5- 
gauss field. 
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OC. FICLO— GAUSSES 


Fig. 2. Effect on 7 permanent-magnet moving- 
coil instruments. Two—having unshielded low-co- 
ercivity magnets—were affected in fields of less 
than 1 gauss by amounts comparable to their ac- 
curacy; the other five—with high coercivity mag- 
nets or low-coercivity magnets combined with good 
shielding—behaved similarly and withstood 5- 
gauss fields or stronger without influences greater 
than their accuracy 


produced by the electromagnet together with the r-f. field (light curved 
lines) of the 20-Mc. coil. 


alkali atoms. The new value of g and 
the new value of the proton’s gyromag- 
netic ratio combine to give a new value 
of the electron charge-to-mass ratio: 
17,587,800 electromagnetic units per 
gram, accurate to 1 part in 11,000—the 
highest accuracy ever attained. 


in Magnetic Fields 


ciates of the National Bureau of Stand- 
ards. A brief study was also made of 
the stray fields about some of the more 
common kinds of laboratory apparatus. 

For this investigation magnetic fields 
of known magnitude, direction, and 
phase angle were set up about the test 
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Fig. 3. Graphs showing the effect of magnetic 
fields on electrodynamic instruments. Note that 
of 7 electrodynamic instruments. investigated, ont 
—unshielded in a 1-gauss field—showed a field in- 
fluence of 0.9 percent, nearly equal to its | per 
cent accuracy figure; at 2 gausses the remaining 
six showed field influences less than their accuracy 
figures; while two of the six still met this qualif 
cation in a 5-gauss 
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because the friction-free transmitter serves only as a 
pilot—actuates an external powerful auxiliary 
motor which does the work of indicating, 
integrating and recording. 


Friction is eliminated in the manometer —the 
float rests on the surface of mercury in the 





high pressure leg, positioning the magnetic 
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instruments by means of a pair ot 
Helmholtz coils and suitable auxiliary 
apparatus. These coils—a common 
means of securing a uniform field in a 
large space—consisted of two matched 
circular coils one meter in diameter and 
spaced axially one-half meter apart. A 
field uniform to within 3 percent was 
thus established in a volume large 
enough to accommodate the largest of 
the test instruments, 15 inches by 15 
inches by 5 inches. The coils were gim- 
bal-mounted, allowing the axis to b* 
swung to any desired azimuth and ele- 
vation. (See Fig. 4). 

Auxiliary instruments, well-shielded 
and of high quality, were used as com- 
parison standards. Placed well away 
from the Helmholtz-coil field, they were 
read with a microscope. 

Twenty-five instruments were tested 
in fields ranging from 1 to 10 gausses. 
In each case the direction of the field 
and the phase angle with respect to the 
current in the test instrument were ad- 
justed to produce the maximum effect 
on its deflection. The change in reading 
produced by a 180-degree reversal of the 
field was noted for each field-strength 
value. One-half of this change, measured 
in divisions and expressed as a percent- 
age of full-scale reading, was taken as 
the value of the magnetic-field influence, 

In summarizing the results of the 
tests, the magnetic-field influence was 
compared with the manufacturer’s fig- 


Fig. 4. Pair of matched circular Helmholtz coils 
used to set up magnetic fields of known magni- 
tude, direction, and phase angle. A field uniform 


ure for the stated accuracy 
strument. The latter figure, a 
the quality of the instrument, 
generally take account of its 
bility to magnetic fields; f 

shielded instrument especial 

curacy figure may be complete 
by the stray-field influence ev: 
moderate fields. 

On this comparison basis a1 
of test results revealed the f 

(1) Of eleven moving-iro: 
struments tested, seven exhib 
influence values within thei) 
figures in a 1-gauss field; in 
field, four met this qualificati: 
none did in a 5-gauss field. 

(2) Of the seven permanent 
moving-coil instruments tested 
having unshielded low-coercivit 
nets—were affected by amount 
parable to their accuracy figur 
subjected to fields of less than 
and the other five—with high co: 
magnets, or low-coercivity magnet 
bined with good shielding—beha 
a similar manner and could wit 


5-gauss fields or stronger without s 


ing field influences greater thar 
accuracy figures. 

(3) Of seven electrodynamic 
ments investigated, one (unshield 
a l1-gauss field showed a field infl 
of 0.9 percent, nearly equal to 
percent accuracy figure; at 2 ga 
the remaining six showed field 


to within 3 percent was established in a 
large enough to accommodate the largest 


test instruments (note instrument in test pos 
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ences less than their accuracy figures; 
while two of the six still met this quali- 
fication in a 5-gauss field. 

All data apply to the top scale points; 
the corresponding field influence per- 
centages for the lower scale points de- 
pend on the type of instrument. For 
“square-law” instruments such as the 
moving-iron type and the electrody- 
namic voltmeters and ammeters, this 
percentage remains essentially constant 
over the scale. With permanent-magnet 
moving-coil instruments having a linear 
scale, the field influence is proportional 
to the deflection. Thus for an influence 
of one percent at top scale, the figure 
would be one-half percent in the same 
field at half scale, 

The instrument itself (for most types) 
may be used to check the presence of 
harmful stray fields if its supply is suf- 
ficiently steady. This is done by noting 
any change in reading of the instru- 
ment for positions 180 degrees apart, 
for a number of orientations. Such a 
test must be used with caution since, 
for some orientations, changes result- 
ing from unbalance or displacement of 
the moving system might mask the field 
effects. Except for permanent-magnet 
moving-coil instruments (and for mov- 
ing-iron a-c. instruments in direct 
fields) such a check may also be made 
by reversal of the leads to the instru- 
ment. If the instrument cannot be lo- 
cated outside of a disturbing field, an 
orientation may be found such that a 
180-degree change in position causes a 
minimum change in reading. 

In making a laboratory survey of 
stray alternating fields, Bureau engi- 
neers used a small search coil whose 
pickup voltage was measured with an 
electronic voltmeter. The magnetic field 
was readily computed from this volt- 
age, the frequency, and the area-turn 
constant of the coil. A small commercial 
gaussmeter was used for direct fields. 
Of the laboratory apparatus sur- 
veyed, only a few items showed fields as 
large as one gauss at distances of 10 
centimeters. These included the larger 
rotating machines, a 1-kva. voltage-sta- 
bilizing transformer, a 2- and a 7-kva. 
adjustable-ratio autotransformer, and 
some of the tubular rheostats wound on 
magnetic tubes or having magnetic tie 
or slider rods. The stray fields about the 
adjustable-ratio autotransformers were 
found to depend greatly on the loading 
and on the proportion of the winding 
tapped off. For such apparatus, spac- 
ings of one-half meter were generally 
adequate to reduce the stray-field value 
to well below one gauss. 

The Bureau’s investigations show in 
general that the chief factor regarding 
the effect of stray fields on instruments 
lies in failure to recognize such effects 
and in not taking steps to avoid them. 
In addition, conductors carrying heavy 
currents may also be a _ disturbing 
source of stray-field trouble in the lab- 
oratory. Placing such conductors as 
close to one another as possible, twist- 
ing them together and otherwise avoid- 
ing open loops, will usually minimize 
their stray fields. 
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Fig. 1. 
positioning a sampl 


Over-all view of the recording magnetometer. Dr. D. S. Miller is show 


e in the specimen holder. 


Autographic Torque Magnetometer Aids 


Selection of Special-purpose Steels 


NEW YORK, N. Y.—A new electro- 
magnetic instrument that measures and 
records automatically the mechanical 
torque exerted by a uniform magnetic 
field on a circular disk of sheet iron or 
steel to determine uniformity of its mag- 
netic properties has been developed by 
Dr. Donald S. Miller, a staff scientist 
at the Research Laboratory, United 
States Steel Corporation of Delaware, 
in Kearney, N. J. The recording torque 
magnetometer uses flat steel samples 
about the size of a quarter dollar. It 
records a curve in six minutes. 

Two typical practical applications in 
which measurements of this kind have 
proved useful are: (1) in testing im- 
proved high-grade silicon steels for 
electrical transformer cores, in which 
superior magnetic properties are de- 
sired in the rolling direction; and (2) 
in controlling production of tin-plate 
with uniform drawing properties for 
the manufacture of such products as 


Fig. 2. Close-up view 


bottle caps. In the latter case, magnet; 
anisotropy, as indicated in the torqu 
test, gives a clue to the amount 
ferred orientations present in the crys 


fy 
yl pre 


tallographic structure. This, in turn, 


indicates the extent of the direction 
ality to be expected in the mechanica 
properties. Hence, the recording mag 
netometer provides a new tool that wi 
be valuable in studying drawing quali 


ties of steel used in such applications as 


automobile fenders and bodies. 
Although measurement of magnetii 
torque is not a new development, in th 
present instrument the torque exerted 
on the disk is converted by a resistance 
strain gage to a small d-c. voltage that 
is fed to a strip-chart voltage recorde: 
of the proper sensitivity. The sampl 
disk is rotated about an axis perpen- 
dicular to its plane by a synchronous 
motor driving through reduction gear- 
ing. The recorder chart also is drive: 
by a synchronous motor, so that there 


of torque magnetometer 
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a definite relation between the an- 
jar rotation of the disk and the 
ovement of the chart paper. 
As the disk rotates, the torque varies 
nd the pen in the recorder travels 
Beosswise on the chart in accordance 
ith this variation. By use of the 
roper conversion factor, the voltage 
Gecorded on the chart becomes a plot 
torque versus angle of orientation of 
e disk in the magnetic field, using the 
nlling direction as the reference. 
A view of the complete installation 
. shown in Fig. 1. The unit on the 
able at the right is the torque mag- 
tometer, consisting of the electro- 
agnet, the torsion gage, the specimen 
»ounting, and the drive which rotates 
e specimen in the magnetic field. The 
abinet at the left contains the record- 
and the control equipment necessary 
r operating the instrument. The con- 
rols on the top panel permit the op- 
rator to vary the sensitivity of the 
sistance gage for selection of the con- 
ersion factor to alter the torque scale 
n the chart for different types of ma- 
rial, and to compensate for different 
hicknesses. Controls on a bottom panel 
» the cabinet (not visible in Fig. 1) 
» torque @permit adjusting the current flowing 
of pre- (rough the magnet windings to regulate 
ne strength of the magnetic field. 
A close-up view of the torque magne- 
meter is shown in Fig. 2. The magnet 
s of rather conventional design. The 
ir gap, in which the specimen is 
ounted, is 1.75 inches. With 2.5 am- 
eres (at 120 volts) through the mag- 
etizing winding, the field strength at 
he center of the gap is about 4000 oer- 
eds. The torsion gage, with specimen 
ount, is that part of the instrument 
hown between the two magnet coils. 
t is mounted on a dial plate, 6 inches 
m diameter, whose periphery is grad- 
jated in degrees of angle. This dial 
late is attached to a shaft which pass- 
s through the base of the magnet, con- 
Hecting to a gear train housed in the 
pedestal, 
The synchronous motor which drives 
@he gear train is mounted on the back 
mf the base. The thumb-lever visible 
nm the lower right of the base operates 
clutch which disconnects the gear 
rain from the motor shaft to permit 
rotation of the dial plate and tor- 
Hon gage. The cable visible under the 
hand magnet coil connects the 
in gage with its direct-current sup- 
¥ circuit and with the measuring cir- 
of the recorder. The two toggle 
witches on the right foot of the ped- 
tal control separately the drive motor 
nh the magnetometer and the chart 
ive in the recorder. 
The torsion gage, with specimen 
hount, is shown in Fig. 3, removed 
rom its normal position on the base of 
’e magnet. The disk shown in the hand 
f the operator is the specimen holder, 
which the disk to be tested is held 
Y spring action of the jaws. This hold- 
r fits on the two tapered pins visible 
| the top of the pedestal. Torque ex- 
‘ed on the specimen is transmitted 
ough these pins to the cylindrical 
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UTENTIOMETER 





This general purpose potentiometer, incorporating a number of 
notable refinements in potentiometer design, is widely used for 
precise temperature measurements including thermocouple stand- 
ardization, for meter calibration, for checking portable potentiom- 
eters and for other critical measurements of DC potentials requiring 
exceptionally high accuracy. Distinctive features include: 
1. Three ranges: 0 to 1.6 volts, 0 to 160 millivolts and 0 to 16 millivolts. 
2. Three reading dials—effective scale length of approximately 175 feet 
for each range. Readings easily estimated to within one part in 100,000 
of full-scale ranges. 
3. Subpanel switch and slidewire construction for protection of contacts from 
dust and corrosive fumes. 
4. Special provisions to minimize parasitic thermal emf's—including automatic 
compensation of slidewire thermals and gold contacts in galvanometer key. 
5. Exceptional convenience in reading and adjustment. 
6. Solid and substantial construction for many years of trouble-free service. 












Thoroughly proven by practical ap- 
plication in exacting research in- 
vestigations for nearly fifteen years. 
Described in Bulletin 270. 


Rubicon galvanometers suitable for 
use with the Type B Potentiometer 
are described in Bulletin 320. 


OTHER 
RUBICON INSTRUMENTS 


Galvanometers * Resistance 
Standards * Wheatstone, 
Kelvin and Mueiler bridges 
* Evelyn Photoelectric Col- 
orimeter for precise chemi- 
cal analysis * Automatic 
Recording Photometric An- 
alyzers for NO and H2S « 
Magnetic Permeameters « 
Shorted-turn Coil Testers « 
Other equipment involving 
precise measurement of 
electrical quantities. 


RUBICON COMPANY 


Electrical Instrument Makers 


3755 Ridge Avenue . Philadelphia 32, Pa. 
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torque shaft shown between the two 


, Fig. 4 
rectangular uprights. This shaft is | 


hows © 


































TIME-TESTED | mounted between V-jewels in the top f mag? 

| and bottom of the rectangular frame. e sam] 

REMOTE INSTRUMENTATION The rectangular box on the dial plate g dire 
WITH THIS behind the frame is the resistance aximw. 

strain gage. This device contains four ; : irection 


ransior 
igher t 
Vpe (B 
teels W: 
lways | 
hough t 
urve C 
tically 
The t 


fine-wire resistances under mechanical 
strain in such a manner that a longitu- 
dinal displacement of the pin project- 
ing through the end of the box reduces 
SUB-MINIATURE the strain in two of the resistors and 
increases it in the other two. The four 
TELEMETER ING resistors are connected in a Wheatstone 


bridge circuit so that displacement of 
TRANSMITTER 


oo Aix Pacific 


the pin unbalances the bridge. With a 

current input to the bridge of 25 mil- 

liamperes, the output is about 20 milli- 

volts for a displacement of about 0.0015 

| inch which requires a force of about 4 
ounces. 

The pin of the strain gage is visible 
in Fig. 3 at the lower end of the torque 
shaft, between it and the right side of 
the frame. A fine phosphor-bronze strip 
is wrapped once around the torque 
shaft and its ends attached to the two 
collars on the pin of the strain gage. 
The strip serves as a belt to convert 
the torque applied to the shaft to a 








Fig. 3. Torsion gage and specimen mount. The 


force on the pin of the strain gage. disk in the operator’s hand is the specime; 
The recorder used with the instru- holder, which fits on the two tapered pins at the 
; : top of the pedestal. The resistance strain gage 


ment is of the potentiometer type. Zero which is the ‘“‘heart’’ of the instrument is the oe 

of its scale is on the centerline of the fectangular box on the dial plate behind th 
frame. 

chart, and the range of measurements 

is from plus 4 to minus 4 millivolts. By 

using a recorder whose range is one- high current in the torsion gag: 

fifth of the maximum output of the tor- specimens from which a low torqu 

sion gage, it is possible to vary the fac- obtained, and vice versa, the record 

tor for converting voltage to torque by may be made of about equal amplitude 

| a ration of 5:1. This is accomplished by over a 5:1 range of torque maxima 

varying the current input to the bridge Three typical curves drawn by 

circuit of the gage. Then, by using a_ recorder of the instrument are shown 
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The Bendix-Pacific Model TXV-2A Trans. . etion 6 
miter for 209 to 227 mc operation Instru Merriment ding 
measures only 2” in diameter, 5%” in : ; — , ——» ilities ¢ 
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Engineered for precise remote instru- 
mentation on guided missiles, aircraft and 
for industrial uses, this new transmitter 
as well as all other Bendix-Pacific sub- 





















miniature telemetering components are 
made to function accurately under ex- 
treme vibration and shock. 

Complete telemetering facilities are 

















available at Bendix-Pacific. In addition to / : i . ye " n-plate, 

the manufacture and supply of compo- | Z 4 brque pe 

nents, they also include installation and | desiral 

nal ; ; é' der to 

application engineering, field operations, | v of the 

data reduction and engineering consulta- The Re 

tion. Additional information on the TXV- as made 

2A Transmitter or other telemetering bmatic ¢ 

components or services is available upon } labora 

ee ; leation: 

request from qualified companies. ‘ 
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Eastern Engineering Office: 475 Fifth Ave., N. Y. “Did you say Iron-Constantan?” s St 
TO MEASURE .TO INDICATE -TO WARN -AT A DISTANCE ' By S. EB. Mitchell, Carbide & Chemicals Corp., 8. Charleston 3, W. Va. 
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The angle scale on these plots 
the angle between the direction 
magnetization and that direction in 
e sample which is parallel to the roll- 
g direction. It will be noted that the 
imum of curve A for the highly- | 
irectional (anisotropic) high-quality | 
former steel is relatively much 
igher than that of the less directional 
(B). The curves obtained from 
Is with the greatest anisotropy are 
jways of nearly the same shape, al- 
ough they vary somewhat in height. 
urve C is the type obtained from test- 
g a plain carbon steel, which mag- 
stically is very nearly isotropic. 
The torque magnetometer completes 


ig: 4. 
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THE SUPERIOR ELECTRIC COMPANY, BRISTOL, CONNECTICUT 


ANOTHER NEW TYPE IE HAS BEEN ADDED TO 
THE FAMILY OF STABILINE VOLTAGE REGULATORS 


RATINGS 


Input Voltage Range: 95 to 135 
volts. Output Voltage Range: 
Adjustable between 110 and 















































to | 120 volts. Rated Output: 0-500 

tS ; volt-amperes, Frequency in 

. re E | Cycles: 60 + 10°. Load Power 

_. roe : | Factor Range: 0.5 lagging to 

/ ‘q La—=s IC 0.9 leading. sae — 
La vr \ / tion: never exceeds 3‘~. Stabi- 

| _ r 5-7 q THE NEW SOOVA STABILINE | lization: + 0.1 of 1° of the 

t+ f : TYPE 1E51005 A new 500VA | preset value. Regulation: 
—onflon i : page ea ge gc age 0.15 of 1% of the preset 
at the sat ate agreti} “Fite Gocfating incon | Stant output voltage regardless 0 value. Recovery Time: 3 to 6 


variations in input voltage or load 
current. “Type IE”’ indicates this 


2 


cycles. 


S 1G ee te ft 





Fig. 4. Single-diagram tracing of three typical 
rves drawn by the recorder of the torque mag- 


STABILINE is Instantaneous Elec- 
tronic. This means completely elec- 


cometer. Curve A is typical of those obtained 
en testing high-quality transformer steel, which 
very anistotropic. Curve B is for an intermedi- | 
UC ISBke grade of electrical steel that is slightly aniso- 
cordergmopic. Curve was obtained when testing a 
mple of plain carbon sheet steel, which is very 
arly isotropic 


tronic operation — no moving parts 
to get out of order and it gives 
the fast speed of correction avail- 
able only when no moving parts 
are involved. STABILINE Type 











e drawing of such curves in six min- 
es. This compares favorably with the 
) to 45 minutes required for the com- 
letion of such a curve by hand-plotting 
sults obtained with earlier non-re- 
rding instruments. Also, many possi- 
ilities of error by the operator are 
iminated by the autographic instru- 
ent. 
The torque magnetometers which 
ve been put into service up until now 
uire specimens 1 inch in diameter 
d from 0.01 inch to 0.10 inch thick 
t, by suitable changes in design, 
ecimens of other dimensions could be 
commodated. The total torque on a 
ecimen is proportional to its volume, 
that for some materials, for example, 
n-plate, which are thin and have a low 
rque per unit volume, it is particular- 
desirable to increase the diameter in 
der to increase the effective sensitiv- 
y of the instrument. 
The Research Laboratory instrument 
s made magnetic torque testing au- 
matie and practical in mills as well 
laboratories. Covered by patent ap- 
leations, improved copies of Dr. Mil- 
rs magnetometer are in operations 
at Gary, Ind., sheet and tin plate 
ill and in the Vandergrift silicon 
! mill at Irvin Works, both of Car- 
ie-Illinois Steel Corporation. One is 
So in daily use in the Research Lab- 
atory of this subsidiary of United 
aics Steel. 


IE51005 is available as a cabinet 
model or for rack mounting. It has 
the same superior characteristics 
as other STABILINES well-known in 
the electrical industry for their 
quality of workmanship and per- 
formance. 

All the tubes, but one, are standard 
— this one made to Superior Elec- 
tric specifications by a well-known 
manufacturer and easy to order 
when replacement is necessary. The 
500VA STABILINE Type IE51005 is 
easy to order, too. No suffixes to 
confuse you — no “extras” or “spe- 
cial designs” to increase the cost. 
STABILINE standard models give 
you the performance of other 
“specials”. 

Complete information on the Type 
IE51005 and other STABILINES of 
of various ratings and capacities is 
available upon request. 


WRITE US TODAY. 7059 MEADOW ST., BRISTOL, CONN. 


rue SUPERIOR ELECTRIC cot 


CONNECTICUT 


POWERSTAT VARIABLE TRANSFORMERS © VOLTBOX A-C POWER SUPPLIES © STABILINE VOLTAGE REGULATORS 
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REAR 

VIEW 
Here’s compact, well-organ- 
ized construction of [E51005, 
built to give long, trouble- 
free service. 


rs rs 
wPeut @ | eae! 4 OuTPput 
+e ad 3 


CIRCUIT DIAGRAM 
Operating circuit and com- 
ponents of the new 500VA 
STABILINE. 
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Section News 


AKRON 
Specially invited guests for the March 
neeting were the instrument-minded per- 


sonnel of the Columbia Chemical Division 

f the Pittsburgh Plate Glass Co. 

The speaker was John G. Kirkpatrick, of 

Pittsburgh, ex-Koppers Co, Engineer, pres- 
ently engaged in building a sales agency, 
nd his subject was “The Instrument Engi- 
neer.” He told of the plants of long ago, 
with ample storage in and between units, 
with low rates of flow and inherent self- 
regulation, and compared them with pres- 
ent-day units entirely opposite, requiring 
the best in instrumentation. 
The instrument engineer should be on 
the process in the pilot plant stage and 
should be able to work right along with the 
plant design staff so that full advantage 
an be taken of the quicker response, better 
and more flexible control action and all of 
the other factors which distinguish the mod- 
ern controller from the old on-off or fixed- 
range throttling types. 

Feature of the business part of the meet- 
ng was the nomination of officers, the fol- 
lowing being named 
President — James L. 

Plate Glass Co 
Vice President—D. C. Milner, Kepler Engi- 

neering Co. Fred Schoonover, Goodyear 

Tire & Rubber Co. 

Secretary—Fred Appel, Jr., Pittsburgh Plate 
Glass Co. Emory W. Clark, B. F. Good- 
rich Co. 

Treasurer—Karl A. Antes, Goodyear Tire & 





















Corum, Pittsburgh 


Rubber Co. R. N. Vaughn, Firestone 
Tire & Rubber Co. J. E. Collins, Sinclair 
Collins. 


Executive Board—vV. H. Bodine, Goodvear 
Tire & Rubber Co. L. A. Weissner, Bris- 
tol Co. Frank Bush, Ohio Boxboard Co. 

Section Delegate—C, B. Luther, B. F. Good- 
rich Co. 




















—FrED APPEL, Jr., Sec’y 





BOSTON 

The sixth meeting of the season was held 
it the Hotel Statler on March 30, 1949. Pre- 
eding the meeting at 2:30 P.M. there was 
a tour of the Nathaniei Tufts Meter Works, 
pomerican Meter Co., 455 Commercial Street, 
Boston. 

The meeting at the Hotel Statler was 
sponsored by the American Meter Co. The 
arrangements were made by Mr. A. M. 
Wolfe. New England Manager of the Amer- 

can Meter Co. and his assistants, R. F. 
Connors, and H, F. Cain. 

The after-dinner speaker was Mr. Louis 
Hickman of Dallas, Texas, his subject was 
‘Flow and Pressure Transmission.” 

_ The next meeting will be held at the 
Esso Refinery, Everett, Mass.. on April 27, 
1949. Mr. F. G. Tatnall of the Baldwin Loco- 
motive Works, will have as his topic, “In- 
dustrial Application of Strain Gages.” At 
this meeting there will also be the election 
if officers, 





—J. H. Conpon, Corr. 





CALIFORNIA 
The joint Meeting of the California and 
China Lake Sections on April 8th at the 
- 8. Naval Ordnance Test Station at Inyo- 
ern, China Lake was an outstanding event. 
record group of 260 members, ladies and 
ests of the California Section journeyed 
© 150 miles from the Los Angeles area to 
© desert base via auto and bus to visit 
range and laboratory facilities in a 
which represented splendid planning 
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and gracious hospitality by the China Lake 
Section. 

Directly following the registration at 
10:00 A.M. the group toured Station Ranges 
in Navy buses and on Range K observed 
track launching of a five-inch rocket accel- 
erated by 2 three-inch booster rockets. 

Luncheon in the Cafeteria was followed 
by conducted tours of facilities, instrumen- 


tation and exhibits of the huge Michelson 
Laboratory and a bus tour of the China 
Lake Community. 

Meeting from 4:00 to 6:00 P.M. at the 


Commissioned Officers’ Club included a dis- 
cussion of the Tektronix 512 Oscilloscope 
and Rutishauser Pressure Measuring Equip- 
ment by Mr. R. L. Morgan of Neely Enter- 
prises, Inc. The 48 ladies comprising the 
visiting group were meanwhile enjoying the 
special program prepared for them, includ- 
ing tours of Michelson Laboratory and Ben- 
nington Plaza, Luncheon in the Club Sun 


Room, tour of the China Lake Community 
and a Bridge-Tea at the Club. 
6:00 P.M. Dinner at the Commissioned 


Officers’ Club was highlighted by Mr. H, A. 


Van Dyke, who introduced officers of the 
California and China Lake Sections and 
welcomed members, ladies and guests of 
the visiting group. Rear Admiral W. G. 


Switzer then presented a Naval Citation to 
Dr. I. H. Swift of the Aviation Ordnance 
and Test Department for Technical contri- 
butions to the war effort. Dr. Brode, Assist- 
ant Director of the Bureau of Standards in 
Washington, climaxed the program with an 
outline of current scientific programs of 
national and international significance. The 


next meeting is tentatively scheduled for 
May 3rd at Roger Young Auditorium in 
Los Angeles. Mr. Nolte of the Barton In- 


strument Co. of Los Angeles will present a 
discussion on Bellows Actuated Instruments. 
-CHRIS WAGNER, Corr 

CENTRAL INDIANA 

The April 5th meeting was held at the 
Rock Island Refinery, Indianapolis. A tour 
of the plant was preceded by a talk by Mr. 
Leon Stewart, explaining in outline the 
methods of cracking and control systems. 
Mr. Stewart was assisted in conducting the 
tour by Mr. Jones, plant superintendent, 
and members of his force. 

The May 4th meeting will be held at the 
Gothe Link Observatory. It will be at 7:30 
P.M. central daylight savine time. The 
speaker will be Dr. Frank K. Edmondson of 
Indiana University. The Link Observatory 
is located two miles past Brooklyn, In- 
diana, on State Road 67. 

—E. E. TAYtor, Corr. 
CHARLESTON 

On March 7th, the Section held its regular 
meeting in the Assembly Room of the Kana- 
wha Hotel. The guest speaker was Mr. Alex- 
ander Thackera of the Mason-Neilan Co., 
Marshalltown, Iowa, who gave an excellent 
talk on “Liquid Level Controls.” He stressed 
the displacement type of instrument show- 
ing slides of interesting applications. Dur- 
ing his talk, Mr. Thackera discussed, at 
some length, the “Whvys and Wherefores” 
of the design of these instruments. 

The April meeting of the Charleston Sec- 
tion was held in the same place on April 
4th. The speaker was Mr. Don Burns of the 
Hays Corp., Michigan City, Indiana. who 
spoke on the subject “Combustion Controls.” 
He pointed out the merits of the electric 
versus the pneumatic control systems and 
discussed novel means of applying reset 
and derivative control. Mr. Burns also illus- 
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trated his talk with slides showing the 
application of cascaded controls to boiler 
installations using different types of fuel, 
stokers, and mills. 


Both of the above meetings were preceded 


by a dinner at the Army and Navy Club. 
Cc. G. FELLows, Vice-Pres. 
KANSAS CITY 
The Kansas City Section had its regular 
meeting on Tuesday, March 29th, at the 
Blue Bird Cafeteria, 3215 Troost Avenue. 


Forty-five members and 

Our guest speaker was J. 
District Manager of the St. Louis Office, 
Hagan Corp., who presented an illustrated 
talk on “Hagan Ring-Balance Instruments.” 
Mr. McFarland explained how the instru- 
ment was built, automatic pressure and 
temperature compensation and application 
to industrial processes, 


guests attended. 
T. McFarland, 


Mr. McFarland extended the best wishes 
from the St. Louis Chapter ISA. He ex- 
plained to the members the progress to 


date of making arrangements for speakers 
who could plan their itinerary to talk to 
various ISA Societies on one trip. Members 
were requested to list the types of subjects 
they wish to have the speakers cover. Our 
program committee will tabulate this infor- 
mation in setting up the program for next 
year. 

Corr. 


W. A. REICHOWw, 


MONTREAL 
The Montreal Section held a _ regular 
monthly meeting on the 28th of February 
in the Canadian Legion Memorial Building, 
Montreal. Mr. Lyle Eige of the Fischer Gov- 
ernor Co., Marshalltown, Iowa was speaker. 
His talk covered control valve design and 


(Continued on page 448) 
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May 1949—Instruments—Page 441 





INSTRUMENTATION 
By and With Controlled Volume Pumps 


CONTROLLED volume pump is 
A an instrument—an instrument to 
accurately meter liquids in meas- 
ured volumes against a positive pressure 
differential between suction and dis- 
charge of pump. This metering action is 
possible with a degree of accuracy ex- 
ceeding that of many flow meters—in 
most instances to a fraction of 1%. The 
pump consists of a plunger reciprocat- 
ing in a properly designed displacement 
chamber at a speed sufficiently slow to 
assure on each stroke complete positive 
displacement of a volume of liquid 
equivalent to a cylinder of plunger di- 
ameter and stroke length. A typical de- 
sign of a controlled volume pump is 
shown in Fig. 1. A double check valve is 
employed on both the suction and dis- 
charge of the displacement chamber. In 
the event one ball is held off the seat by 
any particle in suspension in the liquid 
being pumped, the chances are that the 
second ball will hold assuring positive 
check valve action. The liquid end is 
further designed to automatically dis- 
charge any air or gas that may enter 
with the liquid in a single stroke of the 
plunger. Any pockets in the displace- 
ment chamber in which air could be 
trapped would impair the volumetric 
efficiency of displacement of the pump 
by permitting alternate compression and 
expansion of the gas bubble with re- 
ciprocation of the plunger. 

The capacity of a controlled volume 
pump is a function of three variables; 
area of the plunger, stroke length, and 
the speed. Adjustment of the stroke is 
the common method normally employed 


*Presented at the third annual conference 
of the Instrument Society of America, Sept. 
13-17, Philadelphia, Pa. 

Note: Statements and opinions advanced 
in papers are to be understood as individual 
expressions of the author and not those of 
the Society 
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ON ROY PUMPS 


By ROBERT T. SHEEN* 


on a constant speed pump for adjust- 
ment of capacity. Fig. 1 illustrates 
stroke adjustment by screw method to 
obtain variation in the capacity by al- 
tering the position of the trunion in the 
slot of the drivewheel while the pump 
is not operating. Microadjustment of the 
stroke is the second method and illus- 
trates adjustment of pump capacity 
while the pump is in operation. (Fig. 2) 
By operating a hand wheel driving a 
chain to the rocker box, a lead screw is 
rotated. On this lead screw is mounted 
a connecting rod to the crosshead of the 
pump. There is a fixed throw from the 
low speed shaft of the motor gear driver 
to this rocker box and a variable throw 
from the lead screw positioning the con- 
necting rod to the crosshead of the 
pump. A vernier dial on the top of this 
rocker box indicates the stroke length 
to within 1/750 of full stroke. A change 
in capacity down to 0.13% may be indi- 
cated by means of this adjustment. 


AUTOMATIC CHEMICAL FEED SYSTEMS 


Controlled volume pumps will nor- 
mally function efficiently at speeds as 
low as 1 stroke per minute to as high on 
certain applications as 100 strokes per 
minute. With plunger diameter and 
stroke length of a given pump held con- 
stant, variation of speed within a select- 
ed portion of this range will affect the 
variation of the capacity delivered by 
the pump directly proportional to speed. 
Accurate speed control can be obtained 
by means of electronic control such as 
the General Electric “Thymotrol.” This 
application has been further described 
in considerable detail by the author in 
a previous paper (1). Speed control 
over a range as high as 100 to 1 is pos- 
sible by means of this system although 
the usual practical range is 10 or 20 
to 1. At any given speed setting, speed 
is automatically held constant irre- 


Fig. 1. (Left) Typical 
design of a controlled 
volume chemical pump. 





spective of change in load. T! 
characteristic definitely necess;: f 
application of this control to automatic 
chemical feed systems. The speed y 
not vary more than plus or mir 
with a-c. voltage variation of plus or 
minus 5%. Calibration for moto: 
versus potentiometer setting is practic. 
ally a straight line and this can be reset 
with an accuracy of better than 2%. 
This electronic control is available for 
motors from small fractional 
power sizes up to practically any large 
integral horsepower. 

The largest application of Thymotro! 
with controlled volume pumps 
proportioning systems. Fig. 3 will illus- 
trate details of such a system. A con- 
ventional type of flow meter is used for 
measuring main line flow and position- 
ing a 10,000 ohm potentiometer. The 
flow meter sets the potentiometer in 
direct relation to rate of flow and con- 
trols the speed of the motor on the pump 
automatically controlling the quantity 
of chemicals delivered by the pump 
Since motor speed is directly propor- 
tional to rate of flow, chemical feed is 
likewise directly proportional to flow. 
The chemical pump is operating con- 
tinuously, instantly changing feed rate 
with any change in flow rate. This sys- 
tem has a number of advantages over 
the older type of systems designed to 
feed in slugs and to work from contacts 
on a flow meter. 

Applications of this flow control for 
proportioning have been made for water 
treatment (2). sewage treatment, and 
treatment of petroleum products. In- 
stallations have been made for odoriza- 
tion of natural gas by metering the gas 
flow and adding the odorant propor- 
tional to gas flow by means of the pump. 
Another interesting application is in 
chemical processing; for example, one 
such process is in operation proportion- 
ing the flow of molten naphthalene to 
hot air in the manufacture of phthalic 
anhydride. 
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Fig. 2. Micro indicating stroke adjustment 
with cover plate liquid end design. 
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This speed control can be used in con- 
‘unction with pH meters and controllers 
or a pH control system. The preferred 
pproach for pH control is through the 
yse of motorized stroke adjustment. This 
s because the motorized stroke adjust- 
ment is capable of reducing the length 
of the stroke entirely to zero so that if 
ecessary and called for by the con- 
roller, the pump motor may be operat- 
ng but there will be no chemical 
jelivered by the pump. The hand wheel 
on this micro adjustment can be replaced 
by a smal] reversible motor with the 
pther end of the high speed shaft of 
his reversible motor driving through a 
° rear reduction train to set a slidewire. 
his slidewire may be balanced with a 
slidewire in a controller on two legs of 
Wheatstone Bridge circuit. Auto- 
matic control of the length of the stroke 
s thus possible. This finds application 
in automatic pH control systems regu- 
ating the length of the stroke auto- 
atically from a pH controller and 
hereby the quantity of chemical, acid or 
alkali, fed to a process as called for by 
0H value Fig. 4. In pH control systems, 
it is necessary to allow for lag and rate 
bf reaction. The systems must be de- 
signed properly to avoid hunting (3). If 
s pH controller must follow a large 
hange in rate of flow, considerable 
unting will also result. It is possible 
0 compensate for variable flow on a 
PH control system by using the two 
ontrol variables on a single pump Fig. 
. This is done by varying the speed 
f the pump through a Thymotrol to 
egulate the speed of the pump drive 
lireetly proportional to rate of flow and 
se the second variable, pH value, to set 
hutomatically the length of the stroke 
bf the plunger on the pump. With such 
a unit, pH may be controlled without 
unting and with a higher degree of 
niformity than possible with a single 
H control alone. 

Any type of metered variable can be 
used for regulation of the quantity of 
hemieal delivered by the pump either 
hrough control of motor speed or con- 
ro! on the length of the stroke. Two 
ows can be ratioed by a single motor 
, Rear drive by mounting two pump cyl- 
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Fig. 3. Automatic proportioning on ratio control system. Pump motor speed and rate of chemical 
addition by pump is constantly and directly proportional to metered main line flow. 


inders on each side of a low speed drive 
shaft. Special units can be assembled 
for ratio control of a number of streams 
driving through a common high speed 
shaft to a number of gear reducers. 
Such an application was successfully 
engineered and applied to food process- 
ing, regulating the speed of the entire 
pump automatically from a liquid level 
through Thymotrol Fig. 6. The food 
product was received from an open end 
process at the rate of 20 to 35 gallons 
per minute. It was desired to add three 
treating chemicals to this food product 
at a rate exactly proportional to the 
rate at which the material was received 
and then to pump the material together 
with the three treating chemicals under 
pressure to a reaction vessel. The prob- 
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Fig. 4. Automatic pH control with constant main line rate of flow. 
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lem was solved by receiving the food 
product in the small surge tank and in- 
stalling liquid level control on the surge 
tank. The first two chambers of the con- 
trolled volume pump pumped from the 
surge tank handling the liquid from 
the process. The speed of the drive on 
this unit was regulated through Thy- 
motrol from the liquid level so that, if 
the tank level started to rise, the entire 
pump unit speeded up or if the level 
started to fall, the pump unit slowed 
down. From the same high speed shaft, 
drives were taken through speed re- 
ducers to the three chemical pumps so 
that the three pumps speeded up or 
slowed down in exact proportion to the 
speed of the main pump handling the 
liquid from process, Fig. 7. Proportion- 
ality of feed was thus assured and it is 
possible to change the ratio of any of 
the three treating chemicals while the 
entire system is in operation. 

Similar arrangements of gang drive 
units make possible accurate blending 
of a number of streams, controlling the 
exact ratio of one stream to the other 
by simply setting the stroke length on 
the various cylinders of the gang drive 
pump. Applications for this gang drive 
principle have been found in chemical 
processing, in food formulation, and in 
pharmaceutical manufacture. 


AUTOMATIC TITRATION SYSTEMS 


In a number of processes, it is desir- 
able to control the strength of a solu- 
tion in a range where there is relatively 
little change in a metered variable. 
Up to the present time, there has been 
no system of control available that 
would accurately maintain such solu- 
tion strength. Reference is particularly 
made to strengths of caustic or acid 
baths within such limits of concentra- 
tion as would not be detected by pH 
value, or where relatively little change 
is shown in conductivity or specific 
gravity. 

The strengths of such solutions are 
commonly determined by titration 
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of stroke of chemical pump to deliver chemical continuously as required by the pH controller. 
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wherein a sample of the solution is re- 
acted with a known volume of standard 
solution whose strength is known. The 
quantity of this standard solution re- 
quired to react with the unknown is a 
definite measure of the strength of the 
unknown solution. Such periodic deter- 
minations are tedious and up to the 
present time, have not been incorporated 
in automatic control systems. To answer 
these problems, an automatic titration 
system has been designed to use a 
duplex controlled volume pump to con- 
tinuously titrate a sample from the 
liquid bath with a standard solution. 
The sample is measured by one side of 
the duplex pump while the other side 
meters to the sample in direct ratio and 
in exact proportion a measured quan- 
tity of standard titrating solution Fig. 
8. One quart to two gallons per hour 
will normally be required for a sample. 
The first preliminary announcement of 
this method was made in a recent paper 
by the author (4) and it is the purpose 
of this paper to give further details 
and applications. Fig. 9 is a detail of 
the titration cell showing the intake 
connection from the titration pump to 
both sides of this cell. 


On a number of strong solutions, dilu- 
tion water will be required. Where it is 
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Fig. 5. Automatic pH control with varying main line rate of flow, Capacity of pump inde; 
adjusted for two variables with motor speed proportional to main line flow and length 
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Fig. 6. Automatic proportional system for treatment of food prod- 
uct,—operation from liquid level. 
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necessary, this can be introduced to th 
cell regulating the flow by supplying 
water at a constant pressure to a vari 




















able orifice valve and setting the desired 
flow at a rate as indicated by a rota- 
meter or similar flow indicating device 
The contents of the cell are continu- 
ously circulated by means of a smal! 














THYMO TROL 


pump at a ratio of 10 to 100 times the 
rate of flow to the cell. This pump is 
connected externally to and immediately 
adjacent to the cell. This was found 
preferable to attempting any direct 
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stem inserted in the top of this cell. 
idation potential could likewise be 
pasured. Where the result of a titra- 
n can be metered, the metered vari- 
ble ean be employed for control in this 
e of system. The basic system incor- 
brates these fundamentals of continu- 
s titration to a desired endpoint util- 
ng the continuous measurement of 
is endpoint for control of a process. 
In the application of the concentra- 
bn control system, the length of the 
roke on the microadjustment for the 
andard solution can be set in accord- 
ce with any slight variation in nor- 
ality of the standard solution to give 
desired control point. In other words, 
e strength of the standard solution 
n be approximately prepared by mix- 
k a certain weight of acid or alkali 
th a certain quantity of distilled 
hter in the tank. A check titration will 
en give the exact value of the stand- 
d solution. The length of the stroke 
the standard solution side of the 
imp may then be set by means of the 
icroadjustment to correspond to this 
act solution strength and thereby, set 
e control point desired for control of 
e concentration accordingly. 
Fig. 10 may be used for an illustra- 
bn of an exact application of this sys- 
m. The problem in this case was the 
ntrol of a caustic soda bath at 0.2 
brmal controlling the bath within plus 
minus 0.02 normal. A product was 


ing treated in the caustic soda and 





Fig. 8. Titronic system concentration contro! 


on leaving the bath would take with it 
some of the liquid and also cause some 
carbonation of the caustic soda in the 
bath. Obviously, control by conduct- 
ivity, specific gravity, or pH value direct 
would not give the desired control. Tit- 
ration of the bath with sulfuric acid is 
not satisfactory for control as shown by 
the first set of curves in Fig. 10. Starting 
with the fresh caustic, Curve No. 1, a 
steep breakpoint curve is shown due to 
the negligible buffer action present. 
After the process has been in operation 
for a period of time, however, and afte 


some carbonation has taken place, the 
titration curve is as in II, and the differ- 
ence between these two curves is too 
great for accurate control. By using a 
buffer acid such as phosphoric acid, a 
family of curves is obtained that will 
give the control required. The buffer 
action of the phosphoric acid then takes 
control in the system. The control point 
is taken at pH 8.5, the break point be- 
tween tri-sodium and di-sodium phos- 
phate. The range of plus or minus 0.02 
normal corresponds to range B. By pro- 
jecting from the abscissa to the curve 
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TITRATION OF FRESH AND USED CAUSTIC IN FOOD PROCESSING APPLICATION 
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Fig. 10. Application of titronic system to caustic concentration control. 


and referring to the ordinate, it is noted 
that a pH control between pH 7.1 and 
9.0 will satisfy the requirements. Ob- 
viously, it is possible to obtain a control 
much closer than this as it is possible 
to accurately control within plus or 
minus: 0.2 pH. By taking this range, 
control range A pH 8.3 te 8.7 and refer- 
ring back to the curves from the ordin- 
ate and dropping to the abscissa, it will 
be found that this is equivalent to con- 
trolling the strength of caustic soda at 
plus or minus 0.004 normal. 

Another example of continuous regu- 
lation of caustic concentration is the 
control of the strength of digestor liquor 
in the manufacture of paper pulp. Titra- 
tion curves of strong caustic soda with 
both hydrochloric acid and phosphoric 
acid on the same samples are shown in 
Fig. 11. In this case, the unbuffered 
hydrochloric acid would prove perfectly 
satisfactory for control as far as curve 
characteristics are concerned. This is 
due to the various buffer materials 
present in the caustic green liquor. 
These buffer materials consist of the 
products extracted from the wood by the 
digestion including various hemi-cellu- 


loses, tannins, lignins, etc. The two 
acids are equivalent in strength at the 
point of complete neutralization at ap- 
proximately pH 3.0. At the point of 
conversion from tri to di-sodium phos- 
phate, 8.5, it is interesting to note that 
just half the quantity of phosphoric 
acid is required compared to the 
quantity of hydrochloric acid due to 
the formation of the intermediate salt. 
For a commercial application, it would 
be preferred to handle dilute sulphuric 
acid or the phosphoric acid as the tit- 
rating medium rather than the hydro- 
chloric acid due to difficulty with ma- 
terials of construction and the prepara- 
tion of hydrochloric acid in sufficient 
quantity in corrosion resistant vessels. 

It is, of course, possible to use this 
same type of system working in reverse 
for control of the strength of acid in 
acid baths. One typical process was in- 
vestigated in which sulphuric acid was 
present in a range from approximately 
8 to 18% along with various other or- 
ganic and inorganic ingredients. Titra- 
tion curves of three different strength 
baths are shown in Fig. 12. The first 
group of curves shows the results of 
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Fig. 12. Acid process bath titration curves. 


ML.NORMAL NA3CO, 


28 


| 
ay 
29 


1OML ACID BATH+ lOO ML.WATER VS. NA,CO3 





x» 


or (pul 


















































—— T | 7 
0 : a 
4 a 
Bool | 95 
v4 } , | 9.7 
| 50 98 
o|— . | 
t 99 
7 | 4.5 
Vv pH “oH 5 S04 
} 4.0 +100 
0 1 t 
ud) | 10.05 
! 
~ a i 3.5 H0.1 
i) | lOo2 
Ww i | | | | } 10.5 
95 96 97 98 99 100 10! 02 103 104 105 
°eHaSO4 










tration with normal] caustic soda, sharp 
uffer action being shown immediately 
hove pH 7. The steep portion of the 
urve between pH 4 to 7 is too steep to 
ermit accurate control. Some buffer 
tion is desired for application of this 
mncentration control principle. Titra- 
on of the same baths with normal 
pdium carbonate gave the second 
amily of curves and it is evident that 
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control at pH 4.5 would give excellent 
results for accurate concentration con- 
trol of sulphuric acid. 

It is possible to determine the strength 
of the acid with continuous titration 
without using the control feature of the 
system. There are two ways that this 
can be done. From data that were se- 
cured, a curve could be plotted over a 
limited range of sulphuric acid concen- 
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Fig. 13. Relationship of pH from titration and concentration of H4SO» in acid bath. 


tration, taking a portion of the curve 
(Fig. 12) on which satisfactory buffer 
relationship existed; for example, pH 
2.5 to 5.5. The results are shown in Fig. 
13, together with a scale indicating the 
correlation between the pH and percent 
sulphuric acid on this portion of the 
curve. In this case, only the titrating 
pump and pH recorder is necessary. If, 
on the other hand, it is desired to titrate 
to a definite pH value and continuously 
record the results of the titration over 
a larger range, then the system as shown 
in Fig. 14 can be employed. In this sys- 
tem, the pH recorder controller is used 
to automatically control the length of 
the stroke on the standard solution side 
of the titrating pump. A second record- 
ing meter continuously records the 
length of the stroke which is a direct 
measure of the quantity of standard 
solution required for the titration and 
is therefore a continuous record of the 
titration value of the process. If it is 
desired to ultimately control the 
strength of the process, this may be 
done by disconnecting the motorized 
microadjustment feature on the titrat- 
ing pump, changing this back to hand 
adjustment. 

These titration systems can be used 
for control of hydrogen peroxide or 
chlorine bleach baths by measurement 
of oxidation potential instead of meas- 
urement of pH value. In such an in- 
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stance, titration with a reducine agent 
such as sodium nitrate or sodium thiosul- 
phate would be used. This would bring 
the oxidation potential curve to the 
breakpoint and to a rate of slope where 


CONNECTOF 


Fig. 14. Continuous titronic record- 
BOX 


ing system. 


measurement of relatively large changes 
of oxidation potential are possible, thus 
permitting the results of continuous 
titration to control concentration of 
bleach baths., 

; The application of these principles 
will permit automatic control of concen- 
trations on many solutions and in sys- 
tems where such control has heretofore 
been thought impossible. 
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Philadelphia: C. W. Wood, 6908 Market St., Upper Darby, Pa. 3 Wed. x 8:00 
Pittsburgh: L. M. Susany, c/o Carnegie Institute, 4400 Forbes St., Pitts- ; 

burgh 13, Pa. 4 Mon. 6:30 8 :00 
Presque Isle: R. P. Marshall, 161 W. Main St., North East, Penna. 4 Tues. x 8:00 
Richland: R. S$. Hammond, 402 Abbott, Richland, Washington. 2 Wed. x 7:30 
Rochester: R. C. Swartz, Jr., 1201 Granite Bidg., Rochester 4, New-York. 4 Tues. x 8 :00 
St. Louis: W. G. Lee, 4710 Delor St., St. Louis 16, Mo. 1 Wed. x 8:00 
Sarnia: C. G. Elder, 323 Maria St., Sarnia, Ont., Canaaa. 2 Fri. Pai 4 
South Bend: Charles E. Williams, 921 Lawndale Avenue, South Bend, Ind. 1 Thur. 6:30 7:30 
South Michigan: Homer Kuiper, 2517 Hillsdale, Kalamazoo, Mich. 2 Wed. 6:30 8 :00 
South Texas: H. C. Givens, La Gloria Corp., P. O. 637 Falfurrias, 

exas. 1 Tues. x 7:30 
Tennessee: L. W. Thayer, 1837 Oakwood Dr., Kingsport, Tenn. Ne Definite Night 7:00 8 :00 
Tulsa: C. R. Horton, 8211 E. 7th, Tulsa, Oklahoma. 1 Mon. x 7:30 
Twin Cities: Ray Hooper, International Div. Minneapolis-Honeywell Reg. 

Co., 2753 Fourth Ave., Minneapolis 8, Minn. 4 Tues. 6:30 
Washington: Edwin G. Brown, wv American Instrument Co., 8010-20 
Georgia Avenue, Silver Spring, Md. 3 Mon. x 7:30 
Wayne County: R. L. Swenson, 1569 13th St., Wyandotte, Michigan. 3 Mon. 6:30 8 :00 





(Continued from page 441) 


characteristics, and the considerations in 
the selection and application of diaphragm 
motor valves. A new feature of the meeting 
was the recording of Mr. Eige’s excellent 
discussion so that the talk could be provided 
to remote mills whose ISA members and 
potential members could not conveniently 
attend the session. 

At the March 28th meeting a very inter- 
esting and informative talk, “Air Function 
in Automatic Control Mechanism” was pro- 
vided by Mr. M. B. Hall, director of train- 
ing for the Foxboro Co., Foxboro, Massa- 
chusetts, 


program committee. 


swered the numerous questions from the 
audience on air operated controllers, The 
evening also included a short business meet- 
ing, and a nomination slate of new officers 
was scheduled for the next meeting. The 
members also agreed upon holding a ladies 
night in May with arrangements to be com- 





Page 448—/nstruments—Vol. 22 


pleted by Mr. John Hillen, Chairman of the 


—G. A. Rice, Corr. 


NEW JERSEY 

To fill a need for better working knowl- 
edge of what derivative control is and how 
to use it, a combined afternoon and evening 
session was held by the New Jersey Section 
at the Essex House, Newark, on April 5th. 
Interest in the subject was evidenced by 
the atendance of 300 members and guests. 
Two papers were presented, supplemented 
by three prepared discussions. The after- 
noon session centered around a paper by 
Throughout his discussion Mr. Hall an- V. V. Tivy of The Foxboro Co. entitled 
“Application of Controllers with Rate Ac- 
tions."”" Mr. Tivy discussed what rate action 
is and how to use it, in a non-mathematical 
presentation. Curves showing responses of 
processes to rate action were shown. Analy- 
sis of “Signature Curves” to determine suit- 
ability of derivative action to processes was 


of process reaction curves). 


Random variations in measurement sig 
nals, which electronic engineers call 
was outlined. It was 
that some types of industrial 
devices are becoming sufficiently respons) 
so that “noise’’ is recognizable. 

Prepared discussions on Mr. Tivy’s pap 
were presented by R. Clarridge, Taylor In 
strument Co., L. E. Jewett, Leeds & North 
rup and A. E. Krogh, Brown Instrume! 
Div. of Minneapolis-Honeywell. 

For the evening session C. 
Moore Products Co. presented a paper | 
“Inverse Derivative” 
of the mystery that surrounds this « 
action. A major 
consisted of a selection chart showing ' 
gions of usefulness of both direct and 
verse derivative. 





item 


interesting 


emphasized, as a practical means of esta 
lishing where rate action is beneficial. (J 
Ziegler and N. B. Nichols in their paper 
have called signature curves by the nam 
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»otween sessions The Foxboro Co. pro- 
rae demonstration, using a dumm) 
eeroni process on which it was possible 
& , thesize most types of signature curves 


vnow the interaction effects of various 
vtings of proportional band, reset and de- 
reer action. George R. Feeley, Program 
‘ommittee Chairman of the New Jersey 
ection planned the details of the meeting 


acted as chairman. Harry Moore 


ened the technical session with a brief 
Panition and explanation of rate action. 
Close, President, called a_ short 


nook meeting for the New Jersey mem- 
ers, at which time Sid Baran, Nominating 
‘ommittee Chairman, prese ted the list of 
andidates for Section officers for the com- 
y year. 

The ‘next regular meeting on May 3rd 
il] feature an authoritative paper by Mr. 
| Zeibolz, of Askania Regulator Company, 
n “Hydraulic Control Circuits and Their 
\pplications to the Control of Industrial 
processes.” For the meeting of June 7th, a 
“ecial demonstration of “Automatic Con- 
ol Principles’ will be presented by_ Mr. 
chard Pond, of Taylor Instrument Com- 
anies, at the Engineering Building Audi- 
rium, Rutgers University, New Bruns- 
ick, New Jersey. 

W. A. HAGERBAUMER, Corr. 


NEW YORK 

The March 28th meeting was held at the 

00 ote] Statler and Mr. A. B. Geuder spoke 

n “A Discussion of Hagan Ring Balance 

instruments.” This talk was well illustrated 

ith slides showing the available types and 
arious applications. 

30 The April 25th meeting will be a visit to 
ne Columbia University Cyclotron Labora- 
ry at Irving, New York. The May 23rd 
eeting will be held jointly with the Radio 
“ub of America with Professor B. Weber, 
f Brooklyn Polytechnic Institute, who will 
ive a paper on Magnetic Amplification. 
Mr. A. K. Joecks, Chairman of our 1950 
‘onference on Temperature Measurement, 
s now working on the program, 

4 —H, R. KALBFLEISCH, Corr. 

NIAGARA FRONTIER 

The regular meeting was held on March 

30 Phsth at The New York State Institute of 
_ Applied Arts & Sciences in Buffalo, N. Y. 

30 About 35 members attended a dinner, pre- 

ae eding the meeting, in the institute’s dining 

rom. An additional ten members arrived 
ater for the meeting. 

A short business meeting was held, which 

included a discussion regarding plans for 

he 1950 ISA National Convention in Buf- 
alo, led by Mr. M. D. Shriver, Convention 

‘ommittee Chairman. 

President Clarence Boltz then introduced 

fr. W. E. Rufleth, application engineer of 

the Bristol Co., who delivered a very inter- 
esting talk on the subject of “Telemeter- 
ng.” Mr. Rufleth’s talk was illustrated with 
rojection slides, and covered a description 

f early models as well as the latest types 

f telemetering equipment. Many interesting 

pplications of telemetering were described 

n the talk and the question period which 

ollowed. 






































—W. J. SoMMERS, Corr. 
PHILADELPHIA 
The March meeting was held Wednesday 
ight, March 16th, at the Bellevue-Strat- 
ord Hotel, Mr. Henry P. Adams, Sr., Me- 
eorologist of the Philadelphia Weather 
Bureau, presented this subject so clearly at 
ur last meeting on March 16, that more 
han one instrument specialist left with .the 
mpression that he was now a junior grade 
reather forecaster. 
Mr. Adams personalized his subject by 
howing how weather changes our own, our 
business’ and the nation’s future. Because 
pf these far reaching effects, governments 
ound weather forecasting necessary. There 
s a well integrated network of Weather 
bureau Stations located throughout the 
pountry, Each measures and records wind 
lirection and velocity, barometric pressure, 
ret and dry bulb temperatures, quality and 
ntensity of rainfall and sunshine. These 
easured factors are recorded on cylindri- 
al charts to form a daily report that is 
ent across the country by teletype code. 
his combined data is plotted on a nation- 
vide weather map which forms the basis 
or the weatherman’s daily forecast. How- 
ver, the unexpected can and often does 
pset the most logical predictions. One 
undred eight persons attended the meeting. 
W. E. Harrison, Corr. 
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f On Monday, March 28th, the Pittsburgh 
ection had the pleasure of watching a 





FM SIGNAL 


GENERATOR 


MODEL 202-B 


FREQUENCY RANGE 
54 to 216 MEGACYCLES 


The model 202-B is specifically designed 
to meet the needs of television and FM 
engineers working in the frequency range 
from 54-216 mc. Following are some of the 
outstanding features of this instrument: 


RF RANGES — 54-108, 108-216 mc. + 0.5% ac- 
curacy. Also covers 0.1 mc. to 25 mc. with 
accessory 203-B Univerter. 

VERNIER DIAL — 24:1 gear ratio with main fre- 
quency dial. 

FREQUENCY DEVIATION RANGES —0-24 kc., 
0-80 kc., 0-240 ke. 

AMPLITUDE MODULATION — Continuously vari- 
able 0-50%; calibrated at 30% and 50% 
points. 

MODULATING OSCILLATOR—Eight internal mod- 
ulating frequencies from 50 cycles to 15 ke. 
Available for FM or AM. 





RF OUTPUT VOLTAGE — 0.2 volts to 0.1 micro- 
volts. Output impedance 26.5 ohms. 


FM DISTORTION—tless than 2% at 75 ke deviation 


SPURIOUS RF OUTPUT—All spurious RF voltages 
30 db or more below fundamental. 


Write for Catalog F 


BOONTON ‘RADIO 


BOONTON: NJ-U-S-A 
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“Visual Explanation of Control Effects.”’ 
Over 200 members and guests thoroughly 
enjoyed the presentation by Mr. R. S. Pond 
of the Taylor Instrument Companies. 

The presentation commenced with a story 
entitled “Two Happy Partners,” relating 
the adventures which befell them when a 
batch process was expanded and converted 
into continuous operation. Then, using a 
sample liquid level installation, control re- 
speonses were recorded on a giant strip chart 
as changes were made in throttling range, 
reset rate, preact time, supply and demand 
side capacities and process load. 

The next meeting will be held on April 
25th at the Roosevelt Hotel. Dr. E. 
Harder of Westinghouse Electric Corp. 
speak on “The Analog Computer.” 

-M. M. Fromo, Corr. 


will 


ROCHESTER 

The March 22nd meeting was held in the 
Bausch and Lomb Physics Building of the 
University of Rochester following a din- 
ner meeting in honor of the guest speaker, 
Prof. P. E. Mohn, Dean of Engineering at 
the University of Buffalo. 

Dean Mohn’s talk entitled, “The Flow of 
Water in Glass Pipes” included motion pic- 
tures in which flow in laminar and turbu- 
lent patterns was weil illustrated. The test 
apparatus was constructed and _ photo- 
graphed at the University of [Illinois in 
1940 by Dean Mohn. The apparatus con- 
sisted of a large glass tank which supplied 
a glass pipeline. A mixture of benzene and 
carbon-tetrachloride was introduced into 
the pipe line in a manner such that 3mall 
globules were produced. A small area 
the flowing stream was highly illuminated 
and photographed, A great change in pat- 
tern was evident as the flow changed from 
laminar to turbulent at a Reynolds number 
of about 2500. A very interesting pattern 
illustrating the effect of water hammer was 
shown when a discharge valve was closed 
rapidly. 

Corr. 


EINAR W,. JENSEN, 


WAYNE COUNTY 
The April meeting was well attended. Two 
visitors from California, five from Ohio, 


of. 


and a speaker from Massachusetts helped 
swell the group. Our election resulted in the 
choosing of the following officers: 
President—Mr. R. A. Wright, Metrol Co. 


First Vice-President—Mr. B. K. Beecher, 
Research, Wyandotte Chemical. 
Second Vice-President—Mr. Henry Arauz, 


Brown Instrument Co. 
Secretary—Mr. R. J. Karr, 

sylvania Salt Co. 
Treasurer—Mr, R. L. Kimball, 

Dept., Pennsylvania Salt Co. 

Mr. A. R. Catheron of the Foxboro Co. 
explained and demonstrated the Foxboro 
Analog. Simple control problems were in- 
troduced and solved, the oscilloscopes show- 
ing controller and valve response, The prob- 
lems were made more complex by intro- 
ducing the equivalent of lags, etc., and the 
necessary adjustments simulating sensitiv 
ity, reset, and rate response were made, the 
oscilloscopes again showing action of con- 
troller and valve. It was then explained 
that recorder responses could be used in the 
analog for determining controller selection 
and settings. 


tesearch, Penn- 


Instrument 


JOHN MAcCPHERSON, Corr. 





ISA 
EMPLOYMENT SERVICE 











Forward your letter to INSTRUMENT 
SOCIETY OP AMERICA, 921 Ridge 
Ave., Pittsburgh 12, Pa. 


SALES MANAGER To organize and operate 


newly created industrial sales division of com- 
pany manufacturing X-Ray products. Electrical 
or electronic engineering background and sales 


experience required. Location Chicago, Ill. Box 
231. 


INSTRUMENT MECHANIC With a minimum 
of 3 years’ experience in the maintenance of pneu- 
matic and electric industrial instruments. Location 
Jersey City, N. J. Box 232. 
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St . TEMPERATURE CONTROL Continued fron 
an d ard 1Ze the most general case of automatic control of temper: 
was the relation between the variations: 


dQ, heat input to the heating unit per unit of ti R 
di, time elapsed; and 


On 
dé, temperature in the heating unit. 
This relation, which was used as a basis for Formu [ 
BROWN = 
dQ= 5 K,dt—K2d 8. 


In the particular case under review—that of posit 


. ti s temperat » control- ‘ficient K, quals | 
Pyrometer Su ppl 1es scuabiad saldles: a Eek Be as equa 


dQ= —K.dé 





from whence: K»= —— 


We can therefore see that, in this case, coefficient Ke corr 
to the variation of heat input per unit of time, or 
identical—to the opening or closing of the controlled \ 
given variation d6 of temperature in the heating unit. 

Therefore, an alteration of the amplifying action 
coefficient K.; we shall call the latter the coefficient of 
tion. 

In this controller, the device for adjusting the actio 
pensating bellows P on the position of pivot O of flapper B 
dial calibrated in throttling range figures. The latt: 
percent temperature changes that result in full trav 





; yiny! Plasti< controlled valve from one extreme position to the other 
h Over Poly fully closed to fully open); i.e., in a variation of controll 
pressure from its maximum to its minimum or vice versa 

If the controller’s thermometer is calibrated from 50° to 250 Gare 
| (having thus a span of 200°) calibration “1’’ of the adjusting (see, tab 

H woe £ cenineiel ' “Ge ° “" s Ma ri taint useru 
Good Pyromete [Ss one sk ste Ae sat ggg ence Yr Ps : In “ ‘8 ; on R > Tren 
a temperature change of 1° will result in half of full travel of t po 
desenue controlled valve. Py os 
With calibration ‘'150” of the adjusting dial set in front of th Epic 
: a dex mark, this same 200-span controller will give the controlled val\ ches XM 
Good Extension Leadwi re its full travel for a 150% temperature change, i.e. a variation off badges, 
300° in the heating unit. This means that a temperature changgi Prepames 
of 1° will move the controlled valve 1/300 of its full travel Recor 
Thus, a high amplifying action of the controller corresponds cont. Tt 
low throttling range calibrations of the adjusting dial, and vice vo 
It costs no more to use the best pyrom- versa. a 
eter supplies... the Brown name is your We can therefore easily establish a relation between the coeti cates at 
assurance of highest quality in mo- cient of amplification Ky and throttling range calibrations of th ouplihe 


adjusting dial. 


terials, workmanship and specification. Let us assume that the controller is set for a temperature midq Sensitivit 








. . . ‘ : Coil resis 
way between its maximum calibration @,,,., and its minimu: push-p 
calibration @,j,. This means that, if calibration ‘100’ of th pi 
adjusting dial is set in front of the index mark, the temperatur ay om 
the heating unit will have to drop from @,,4x tO Opin to move t Maximun 

Raaown EXTENSION LEADWIRE is available in four controlled valve from its maximum closed to its maximu! Pi 
insulations— Weatherproof over Polyvinyl Plastic, As- position. 1.5 am; 
bestos over Enamel Wire, Rubber Jacket over Rubber. If we call Qmin ANd Qmax the minimum and maximum \ ecru 
and Lead Sheath over Polyvinyl Plastic. of the heat input per unit of time, the integration of equatio: 
Negative wire is easily identified by its bright red dQ= —K.d0 
coating ... positive wire coating is varied to identify between limits Qmin and’ Qmax for the left-hand member, é noel 
the leadwire type. The use of polyvinyl means smaller and @min for the right-hand member will give: 
O.D., permits more wires per conduit. Q 6. 
max min ~ addi 
Call in your local Brown engineer for a discussion of dQ=—K;, dé une © 
your pyrometer supplies requirements. [t will pay you Quin Ones “7 
to standardize on Brown. Write for Catalog 100-2. from whence: \09- 
Qmax — Omin = —Ke (Onia — Omax) ca Ke (Sass Omin ’ Po 
MINNEAPOLIS-HONEYWELL REGULATOR CO. If, instead of calibration ‘‘100’’, any other calibration 7 o! | appl 
BROWN INSTRUMENTS DIVISION adjusting dial is set in front of the index mark, the left- 
4482 Wayne Ave., Philadelphia 44, Pa. member of the preceding formula will not be altered. As to ('§ it 
Offices in principal cities of the United States, Canada and throughout the world right-hand member, it will have to be multiplied by 2/100; inde ‘ 
| the temperature change giving the controlled valve its full t' ; 
Honevwell | will be in this case: 
n | 
00 (Omax—9%min) instead of (Pnax — Pmin) 





Page 450—IJ nstruments—Vol. 22 




















of the 
t-ha 
to t 
inde 
tr 















LESS 
INEAR 





extremely high 
torque movement 
(200,000 dyne cms), rug- 
gedly built and producing 
clear, permanent records. 


anborn Direct Writing Recorders offer these 
S advantages, plus performance characteristics 
(see table below) that make them outstandingly 
useful in a wide variety of industrial recording 
applications. ; ; 

Whenever a phenomenon or action lends it- 
self to transformation to an electrical quantity, 
and whether the variation is steady or of a pulse 
type, these Recorders (with associated amplifiers) 
can be used for immediate, direct, continuous 
registration. == at 

pical applications, actual and potential, in- 
clude: temperature changes, automotive noise 
and vibration, varied output of strain gages and 
bridges, lightning and earthquake recording, 
pressure variations, audio frequency response, 
and many others. 

Recording paper (Sanborn Permapaper) is heat 
sensitive — eliminating ink — yet clear and perma- 
nent. Trace is rectilinear — no curvature, no nega- 
tive time intervals—yet with totally negligible 
tangent error. 

Sanborn Recorders are available in self-con- 
tained, portable recording outfits, complete with 
cases and controls, or in component form for 
integration with existing equipment. Associated 
amplifiers are also available. 

TABLE OF CONSTANTS 


ee olcte se el Uo BO ma/tem. 

Coilresistance . . . 3,000 ohms, center tapped for 
push-pull operation. 

Critical damping resistance . . . . . . 500 ohms. 
Jnd d fund tal frequency . . 45 cycles/sec 





Stylus heater requires from external source . |.25 volts, 
3.5 amps, AC or DC. 


Maximum undistorted deflection . 2.5 cm. each way 
ot from center. 
| Marker requires from external source . 1|.25 volts, at 
1.5 amps, AC or DC. 
oe ho 4 se ee le lf + 25 mm/sec. 
Chartruling .°. . . . . ~. . . JI mm intervals. 





edditione! conste nts, 


sizes ond s 
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for copy 
Send rodey qroposed 


(briefty stating 
applications) '° 


EASIEST GAGE TO CALIBRATE 















So says the Instrument Engineer 


Here’s Why: The external pointer set (1) is handy and 
very useful. In no other gage can the pointer be set without re- 
moving the glass and ring. Often a HELICOID gage can be made 
accurate simply by resetting the pointer. 

If recalibration is necessary, the complete gage system is 
removed from the case. But there is no need to remove the 
pointer or dial. All adjustments are conveniently at the rear. For 
pointer travel, the link screw (2) is moved inward or outward in 
the cam slot. For scale linearity the movement is rotated by loosen- 
ing screws (3). All this can be done quickly with a Helicoid gage, 
When recalibrating other gages, the pointer and dial must be 
removed frequently until calibration is attained. This takes more 
time and costs money. 

The HELICOID gage is the easiest to calibrate and the 


easiest to keep in calibration. 












be Only Helicoid Pressure Gages 


_ - have the Helicoid Movement 


HELICOID GAGE DIVISION 


AMERICAN CHAIN & CABLE 
Bridgeport 2, Connecticut 
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Flexes 400,000 
Times! in the New... 





No. 27—Product of 
THERM-O-DISC, Inc., Mansfield, Ohio 


Chace Thermostatic Bimetal, due to its depend- 
ability, was selected for this water heater 
thermostat, manufactured by Therm-O-Disc, 
Incorporated, Mansfield, Ohio. 


The actuating element is a strip of Chace No. 
2400 Thermostatic Bimetal. Fatigue tests were 
made of over 200,000 operating cycles, which 
were far more severe than actual operation 
requires, and at the end of these tests no change 
had occurred in the accuracy of the control. 


Chace No. 2400 is a general purpose bimetal 
for applications from -100° to 600° F. Its 
characteristics include high deflection rate and 
torque, and it can be used up to 1000° F. 


Chace No. 2400 is just one of many bimetals 
developed for actuating elements in tempera- 
ture indication or control devices; all are avail- 
able in strips or finished pieces. Submit your 
problems in this field to the Engineering Depart- 
ment of the W. M. Chace Company for their 
recommendations. 


w. M. CHACE co. 


4 f i 7 . 
Vi casujactiwiers of “/he nomodiadic Be PHELGAS 
fi fi 


DETROIT 9, MICH 


1609 BEARD AVE. -« 
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We can therefore write: 


Jones ri din = —— K, (Omax — Omin 
Ones —¢ 100 a 


100 ‘ Qmax —_ Cmin 


liters/sec ond 
9 min) 


from whence: K2= 
nm (0... — 


This formula gives high amplification coefficients K. 
throttling range calibrations m, and vice versa, 

We have outlined the fact that positioning controllers 
inconvenient of not being isothermic. Indeed, they insur¢ 
between heat input and heat output at temperatures diffe; 
one case to another. 

In this way, the controlled temperature is never a 
maintained constant. For instance, if balance is resto, 
temperature located below the control point, the only 
resetting this temperature would be to open the controll: 
beyond its position of equilibrium; on the other hand, tI 
has no reason to open any more as balance is restored fo 
input lower than that required to reach again the control 

In order to diminish the deviation of balance temperatur 
the control point, coefficient K, may be increased; this ins 
travel of the controlled valve for a small temperature chang: 
is obvious, on the other hand, that any exaggeration of such ad 
ments would frequently risk giving the controlled valve its { 
travel in the event of sudden temperature changes; this valy 
would then constantly operate under discontinuous 
Therefore, positioning controllers are to be used either in cases 
where close control is unnecessary or in cases where the fictiti 
mass of the heating unit is sufficiently high to prevent sudd 
temperature fluctuations. In this second instance, amplificatio: 
coefficient K, can receive sufficiently high values to insure sma 
deviations of balance temperatures from the control point 
controller is indeed unlikely to operate under discontinuous contr 
as risks of rough temperature changes are minimized. : 

All other cases—as, for instance, most petroleum refining prob- 
lems—where accurate control is to be combined with low heat 
inertia, require the use of positioning plus floating controllers 
The latter are equipped with a complementary device which intro- 
duces, besides positioning control, a component of floating cont: 
depending on time elapsed alone. This is correct as we must 
recall that floating control suits heating units having low, fi titic 


masses. 














Fig. 10 























Zs 








The positioning plus floating controller, Fig. 10, is similar t 
that in Fig. 9; it likewise has a compensating bellows P; but spring 
C is replaced by a second bellows R. Moreover, bellows P and k 
are each represented by a pair of concentric bellows P, and P: 
R; and Rs. The space between each pair of bellows if filled wit! 
light oil and inner bellows P; and R: are connected by « 
which carries pivot O of flapper B. 

The right-hand surface of outer bellows R; is under atmospher! 
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TEMPERATURE AND 
PRESSURE CONTROL 
VALVE.... 


\ 
/T Lives pow® 


Bodies and all other castings 

of bronze. © Cast Stellite disc 

and mone! seat rings with 

welded-on Stellite face. © 

Stem of K-monel. © 4"' to 2”’ 

standard pipe capacity. 
Get Catalog ‘‘A’’ 


eVALVES ac 
a : 


456 MORGAN AVE © AKRON 11, OHIO 
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INDUSTRIAL 


THERMOMETERS 
































for every 


ruRro sta 


bey ig of indicating 
thermometer your engineer 
needs in your industrial 
process. Available in the 
straight and various angle 


Let our experi- 
enced staff as- 
sist you with 
any problem 
arising in our 
field. 


\ SEND FOR OUR 
PCATALOG NO. 110 








®@ Now, instead of standing on a step 
ladder—as when reading long range, 
single column manometers—the op- 
erator can read high range pressures, 
vacuums, and differentials from the 
floor level. 


This new manometer development— 
the DUAL-TUBE, Meriam Model 
M-100 — consists of two separate 
manometer tubes in the same case— 
each tube with individual well. The 
left tube has a scale increasing up- 
ward; the right tube a scale increasing 
downward. Both tubes are connected 
in parallel to the same pressure source. 


The instrument is ideal as a calibrat- 
ing standard manometer for checking 
flow meters, pressure gauges, and 
other secondary units operating on 
pressure or vacuum principle. It is 
direct reading. Since both tubes indi- 
cate the same reading, the operator 
can choose the one most convenient. 
It helps avoid accidents, saves time 
and effort in reading. Of simple, rug- 
ged construction, it is built in accord- 
ance with Meriam standards of ac- 
curacy and sensitivity for long, reli- 
able service. Ask for Catalog Sheet 
M-100WM. 


THE MERIAM 


INSTRUMENT COMPANY © 


10958 MADISON AVENUE + CLEVELAND 2, OHIO 
WESTERN DIVISION: 
1418 Wilson Ave., San Marino 9, Calif. 
IN CANADA: Peacock Bros., Ltd., Montreal 
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pressure and is balanced by a spring; the space betwee; 
TRIMOUNT => R,; and R;z is connected to that between bellows P and P 
a small tubing throttled by means of a small needle valy: 
MANOM ET FE RS : To begin with, we shall assume that needle valve S is ¢ 
y closed. The controller’s action will be the same as th 

for Every Industry | | Fig. 9 controller: positioning control. 


As previously described, a deviation of temperature jr 


Trimount Manometers are ing unit from the control point moves pen A, altering t} 


widely used to measure dif- 
ferential and absolute pres- 
sures as well as rate of flow 
in equipment in the field and 
in the laboratory. 

Trimount’s line includes 
U-Tube and Well Type Ma- 
nometers, Inclined Manom- 
eters, Draft Gauges, Indi- 
cating Flow Meters, Tank 
Liquid Level Gauges, and 
Micro Manometers. 

Electronic devices include: 
Dynamic Pressure Gauges, 
and a new Carrier System, 
Liquid Level Controls, Elec- 
tronic Pressure Controls, Bin 
Level Controls, and Pressure 
Cutoff Switches. 

Write for literature. 


air through nozzle D. The air pressure on diaphragm | 
trolled valve F—and on outer compensating bellows P, 
or decreases; valve F gradually closes or opens while by 
moves to the right or left. 

Inner bellows P, will follow this motion and move in 1 
direction as inner bellows R» to which it is connected 
outer bellows R, will also follow the same movement 
assisted by the action of its spring. 

In this way, as previously, pivot O of flapper B will 
the right or left; this flapper will therefore move to th 
right, i.e. in a direction opposite to that of its origina 
under the action of pen A, and will again become vertical 

As the controlled temperature changes, flapper B will 
the right or left in a way parallel to itself and perpendicul 
rod connecting inner bellows P2 and R,; this rod will theref 
move with respect to outer bellows P,; and R, and will cons 
take an eccentric position inside these outer bellows 
bellows R, being subjected to atmospheric pressure the 
of the oil between it and R» will not change; but the oil ; 
between bellows P; and P» will change as air pressure exerted 


outer bellows P; increases or decreases. 


LG LE AE la Ota lk HG AE OM RE yk MOTE AHR ne Se SAE 





If we assume now that needle valve S is open, there wi 


TRIMOUNT flow of oil from the left-hand to the right-hand capacity o1 
INSTRUMENT COMPANY versa depending on oil pressure between bellows P; and P 


37 W. Van Buren St., Chicago 5, Ill. respect to that between bellows R; and Ry. This movement of | 
will stop only when both capacities will be under the same pressure 
As oil flows through needle valve S, the volume of the left-| 
capacity decreases or increases while that of the right-har 

capacity increases or decreases. Therefore, inner bellows P, 
Re move together to the left or right, i.e. in a direction opposit: 


to their motion under positioning control alone. This results, i: 

é Oo Y turn, in a movement to the left or right of pivot O of flapper B 

this flapper, instead of remaining vertical, will again beconx 

inclined with respect to nozzle D. The flow of air through the 

~ R ) latter will again decrease or increase and, therefore, air pressure 


exerted on diaphragm E of controlled valve F will again increase 


D) f T k ( T () R or decrease. Valve F will thus close or open more than it would 
do under positioning control alone. 


For over twenty years the Eppley Laboratory, Inc. This automatic reset action will continue until oil pressures ii 
MS SES 88 Be ey aammee: be Cease: and left-hand and right-hand capacities are equalized. This equalit) 
Industry in America by supplying thermopiles, 
pytheliometers and other equipment for the detec- 
tion and measurement of radiant energy. 

During the war years great forward strides were 
made in this field, particularly with respect to the initial position, in the middle of the length of outer bellows P; and 
detection and measurement of infra-red radiation. Ry; on the other hand, flapper B can recover its initial positior 
At the March 1946 meeting of the American Optical only if pen A does likewise, i.e. only if temperature in the heating 


Society, held in Cleveland, much of this progress a te ‘ 
was revealed. unit is again brought to the control point. 


Of particular interest to those present was the dis- The controlled valve will therefore continue to close or to ope! 
closure of the Golay infra-red detector, developed under the action of automatic reset until the temperature in the 
at the Signal Corps Engineering Laboratories under heating unit is brought back to the control point. The automati 
the direction of Dr. Marcel J. E. Golay. This device reset device thus opposes any balance above or below this contro 
was acclaimed as presenting the best all around : : on a + 
characteristics of sensitivity, speed, reliability and point; it prevents “load error” or ‘“‘droop’’ and automatica 
spectral uniformity of response. insures constancy of temperature. 

The Eppley Laboratory, Inc. manufactures the The position of needle valve S governs the speed or rate of aut 
Golay detector under the personal supervision of matic reset. When this valve is closed, no oil flows from on 
Dr. Golay. Literature is available upon request. capacity to the other: there is no automatic reset at all; the 

troller operates under positioning control alone. If needle \ 


S is wide open, the speed or rate of automatic reset is maxi! 
THE EPPLEY LABORATORY inc Of course, an infinite number of adjustments can be made between 
’ . these two limit positions of the needle valve. 
COENTETS NSTNEENTS As we have already seen, the temperature in the heating um 


NEWPORT RHODE ISLAND U. S. A. is not actually reset to a given control point but rather brought 
inside a neutral zone, between two limits of control. The w 








of pressures requires obviously a centered position of both inne: 
bellows P. and Rz inside both outer bellows P; and R;. This 
condition calls, in turn, for a return of pivot O of flapper B to its 


ive 





Page 454—Jnstruments—Vol. 22 





BETTER METERS AT LOWER PRICES MEAN THE BEST BUY FOR YOU @ 


0K ATTHESE NEW LOW PRICES. <7 


BETTER METERS AT LOg KE BEST BUY FOR YOU ¢ 7 
aT LOWER PRICES MEAN THE BEST BI 


+ 
FOR YOU @ BETY, \ T LOWER PRICE for Electrical Resistance Measurement 
vie THE BEST BUY ROM .01 OHM UP TO 1000 MEGOHMS 


In One “‘Megger’* Unit 


BEST BUY FOR 


‘ . “a oc BUY FOR You 
¢ BETTER ME MICROAMPERES 


LOWER PRICE repay : TTER METERS 
[TER METERS OWER PRICES 
EAN THE BEST 

BETTER METER NG a BUY FOR You ¢ 
YOU @ BETTER ME’ 


XICES MEAN THE BEST =R METERS AT LOWER 


W ...more than ever Triplett gives you your best buy in 
meters, all with time-tested features, including famous Triplett 
Double-Bridge Construction; special pole piece design for the best 
accuracy and sensitivity; alnico V magnet; plus the finest engi- 
neered components, many of which are made in our own plants. 


Representative Prices—3-Iinch Panel Style 
Model 321-T D.C. Microammeters 
0-50, $10.90 


0-100, 310-40 0-500, $8.30 0.200, $8.90 T h e re BRIDGE-M EG 9 
For detailed information see your distributor or write... 


Resistance Tester 


TRIPLETT ELECTRICAL INSTRUMENT COMPANY 
Bluffton, Ohio, U.S.A. 


in Canada: Tripplett Instruments of Canada 
Georgetown, Ontario 


Here is a combined “Megger’’ Insulation 

Tester and Wheatstone Bridge that has been 

proved by years of service, and that can be 
per B used to measure almost any resistance encoun- 
oe tered in routine maintenance work—anywhere 
a and at any time. It measures conductor resistance 
from as low as .01 ohm up to 999,990 ohms, 
and can be supplied with Varley Loop test 
facilities. It measures insulation resistance from 
10,000 ohms to as high as 1000 megohms. 
A rotary switch permits instant selection be- 
tween insulation resistance and Wheatstone 
Bridge functions. Having a self-contained 
hand generator, it is independent of batteries 
or outside source of power supply. Various 
ratings; 250, 500 or 1000 volts d-c. The set is 
portable, compact and simple to operate. 


The “Bridge-Meg”’ Resistance Tester is fully 
HAYS GAS ANALYZER described, fully illustrated in a 12-page bulle- 


tin available to you at no obligation. We would 


essure 
Crease 


, 
would 


The Hays gas analyzer (or Orsat) tells if oil burner or stoker be pleased to send you a copy. Ask for 
is properly installed—or if combustion is at maximum Bulletin 21-60-I : 

efficiency. Gives accurate readings of draft, CO» and flue ulletin £1-60-1. 

gas temperature. Available in several styles from the single 
to the multiple chamber model shown which analyzes CO», 
Os and CO. All sizes available from stock. Write for helpful 
literature . . . FREE! 


JAMES G. BIDDLE CO. 


Electrical & Scientific Instruments 


1316 ARCH STREET, PHILADELPHIA 7, PA. 


nits MICHIGAN CITY. INDIANA, U.S.A 


UMENTS 
kent 
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of this neutral zone is governed by the sensitivity of the 
itis not adjustable in the type of instruments under rey; 


f 5 [ R Ye) TWealate Va lves Now, let us take the general relation 


dQ= “ K, dt—Kz dé 


which corresponds to positioning plus floating control an 
for PLANT STANDARDIZATION the automatic reset action alone. This means that we | 
throttling action and therefore assume that K,=0. Th: 
Standardization of regulating equipment for industrial relation becomes 
plants has been a subject strongly emphasized by LESLIE dOu =k. dt 
for many years to reduce maintenance costs, and store's Pears 
requirements for repair parts, to increase flexibility in from whence: K, = ¢ dQ/dt 


operation an ion. ae oe ; 
P d conversion Coefficient K, expresses therefore the rate of chang: 
LESLIE offers these plant standard- input per unit of time under automatic-reset action alon 


ization values: be also considered as the speed of valve travel under a 
% DEPENDABLE APPROVED PERFORMANCE 
%& LOWEST OVERALL COST PER OPERATING YEAR . : = i : 

this reason, the coefficient of automatic reset. 
% WIDE RANGE OF ADJUSTMENT In the described controller, the rate of reset to the cont: 
He INTERCHANGEABILITY OF INTERNAL PARTS is not a constant but depends on the difference of oil pres 
% RENEWABLE PARTS left-hand and right-hand capacities, i.e. on the deviatior 
RECOGNIZED QUALITY AND WORKMANSHIP controlled temperature from the control point. This sg; 


herefore maximal when temper e deviati f 1e 
x A COMPLETE LINE OF REGULATORS t pref re maxint a] whe temperature deviation from the 
point is maximal; it decreases down to 0 as the tempera 


‘ ul SEND FOR your copy of Bulletin— approaches this control point. 
“Reducing Valves, How to Select All our formulae having been established for constant 
Class L-3 and Install’. floating, or positioning-plus-floating controllers, the describe; 
LESLIE Pressure 
Reducing Valve 


reset action alone or—which is similar—as the rate of 
reset toward the control point. We shall call this coeffi 


variable-speed positioning-plus-floating controller is govert 


LESLIE CO. an equation of the type: 
299 Grant Ave. Lyndhurst, New Jersey dQ=K, (0,—06) dt—K:z dé 
instead of: 











dQ= 3K, dt—K, dé. 

The described controller has therefore, in addition to th 
for setting the control point, two adjusting dials. Thx 
calibrated in percent temperature changes for full valve 
and is used for adjusting the amplification or throttling rai 
The second bears marks without any absolute significance 
attached to needle valve S and serves to adjust the auton 
reset rate. By this means it is possible to adjust the thrott 


REDUCING A > * PRESSURE CONTROLLERS 
GOVERNORS TEMPERATURE REGULATORS 
CLEANING STRAINERS LESLIE-TYFON WHISTLES 


range to suit the amplitude of heated-medium flow fluctuations 
while the rate of automatic reset is adjusted to suit the frequer 
of such fluctuations. 


CONCLUSION 


Ourfdifferent formulae link together the fictitious mass of 
heating unit, the variations of heated-medium flow and the result- 


ing temperature changes. They can therefore help to select 

appropriate type of controller intended to maintain a given con- 

stancy of temperature in a given heating unit for given variations 
Temperatures of electrically heated of heated-medium flow. ; ; ; 
equipment such as laboratory furnaces, From this standpoint, discontinuous control suits heating units 


. b tel having very large fictitious masses or subjected to very small 
ceramic ovens, etc. may be accurately fluctuations of heated-medium flow. Positioning control is t 


controlled with the new ATC Type J4 used in cases where an accurate constancy of temperature is 
Input Controller at a substantial saving necessary or where the fictitious mass of the heating 
in current costs compared to conven- sufficiently large to cut down the effects of sharp fluctuations o! 
. pated- i . Positioning s floati . ol allows t 
tional rheostat-control methods. Stepless he ited-medium flow Positioning plus floating control a , , 

. . il l ct d li insure an accurate constancy of controlled temperature even | 
regulation is manually selected On Cali- heating units having small fictitious masses and subjected | 
brated dial 1 to 100%. Load contacts sudden changes of heated-medium flow. 

110 V., AC and 20 These formulae do not pretend to be rigorously accurat« 

carry amps. a ’ I g } 


amps, at 220 V.. AC application and are likely to be altered here and there by dint 
’ ". we . ~ . . . . . 
practical research. Their main interest is to lead, while starting 


REQUEST BULLETIN J-30 on the entirely conventional basis of the fictitious mass, to results 


confirmed by conclusions drawn from routine instrument pract 


Ce Ul This justifies giving credence to the theoretical concepts on wh 
he ZS) our essay is based. 
TIMERS: 


The concept of the fictitious mass can be used to solve other 
problems than those reviewed in this essay. We have omitted, !or 
the sake of brevity, the case of heat inertia in buildings; but it 's 


af 


easy to consider a building as a heating unit receiving a given heat 


STANDARD LINE AND SPECIAL 
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ves THAT MINIMIZE 
CONVERSIONS, 
ERRORS, DELAYS 


” 
“Veeder-Readings | 
Put an end to the setting and 


ARE DIRECT RECT READINGS reading of hairline-graduated dials 
on all types of machines 















Install a Veeder-Root Counting | 
Device that will give direct and 


accurate Counfrol over rate of 





feed, depth of cut, or any other 
phase of operation 

Then operators and inspectors 
get their Facts-in-Figures directly, 
in bold, 


easy-to-read figures that don’t 


plainly, unmistakably . 





have to be converted, decoded or 


otherwise translated 


ty 


f. 
oF . f) 







2217325 





The Counitiing Womes 0f, Grducthy 
VEEDER-ROOT INC. 


Hertford 2, Connecticut 





In Canada: Veeder-Root of Canada, Led_,955 St. James St, 
Montreal 3. In England: Veeder-Root Led., Dickinson 
Works, 20 Purley Way, Croydon, Surrey 











ARE WORTH 
Seametnennentl 





@ FOR GAUGING LIQUIDS 
OF ALL KINDS 
@ 100% AUTOMATIC 
© APPROVED BY 
* ne UNDERWRITERS’ 
WRITE FOR COMPLETE DETAILS —_ LABORATORIES 


THE Lene eee CORP 


36-27 Sk 










SKILLMAN AVE., LONG ISLAND CITY.IN.Y 
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Pre-Tested Dependability 
The standard of 


MOELLER Accuracy for 
more than four generations 


There is no guess work when you use Moeller 
Etched Stem Thermometers. Each instrument is 
designed to fit individual testing problems — 
built to give you lasting satisfaction — guaran- 
teed through factory pre-tested methods with the 
scientific thoroughness that assures perfection in 
all Moeller products. 


Let Moeller solve your tempercture indicating, 


recording and testing problems, Now! 


Send for catalogs and 
literature on 

INDUSTRIAL, LABORATORY 

ND RECORDING THERMOMETERS 

THERMOSTATS « HYGROMETERS 

HYDROMETERS «© PSYCHROMETERS 

AND MARINE SPECIALTIES 


MOELLER 


INSTRUMENT COMPANY 
132nd ST. and 89th AVE. * RICHMOND HILL 18, N. Y. 











Representatives in Principal Cities 
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cer nr rr ere 


Registers Burst Pressure in Lbs. P.S.1. 


2 
i 


Cady Electric Burst Strength Tester 


for Boxboards, papers . . . makes the ‘‘Cady’’ or Mullen or Pop 
test; can also be used for certain fabrics and other materials re- 
quiring burst test. Electric motor actuates hydraulic pressure 
against rubber diaphragm; 12 second cycle; area tested is visible; 
special clamp prevents slippage The Cady Tester is used through- 
out the world for a Uniform test, eliminating the variations of 
manual operation. We also make Standard and Dead Weight 
Dial Micrometers for calipering thicknesses up to 5/16” or 1/2”, 
Basis Weight Scales for 480 and 500 sheet count of papers and 
tissues, All above models in stock. Specials can be made to order. 


Write for Data and Prices E. J. Cady & Co. 
Pioneers in Testing Equipment 134 N. LaSalle St. Chicago 2, Ii. 


input from its heating installation and yielding a given hy 
to its surroundings. 

We have thus limited our aim to establishing a solid 1 
basis for practical research. This has already led to 
progress in practical research on heat inertia in fur 
buildings. Our new improved graphical method, a sim, 
using logarithmic paper, has been successfully appli 
French electrometallurgical and electrochemical jn, 
industrial electric furnaces; the same simplified method 
applied to buildings and checked by numerous experime: 
obtained, in France, by the Scientific and Technica 
Center and, in Great Britain, by the Building Resear 
of the Department of Scientific and Industrial Research 

All this practical research work and the simplified m 
mentioned were based on the present essay, the origin 
text of which was first published in 1942. We trust, ther 
the concept of the fictitious mass of a heating unit—y, 
already led to encouraging practical results—will enab 
and large development in automatic temperature contro! 
tions. 








Elementary Engineering Electronics 


With Special Reference to Measurement and Contro! 
By ANDREW W. KRAMER ORDER THIS UNIQUE BOOK NOW 
Managing Editor Power Check, money order or cash 
Plant Engineering, Mem- must accompany order. 
ber American Institute of 
Electrical Engineers, As- 
sociate Member Institute 
of Radio Engineers. 





Instruments Publishing Co., 

921 Ridge Ave., Pittsburgh 12, Penna 
Enclosed is $............for..... .copies of 
Kramer’s ELEMENTARY ENGINEERING 
ELECTRONICS (at $2 each). 

Cloth, 344 pages, 259 il- 
lustrations. $2 postpaid. 














A RECORDING MECHANICAL COUNTER 


THAT MEETS ALL 
INDUSTRIAL REQUIREMENTS 


Operates on the output of a photo-electric cell, limit 
switch or any similar device. Records production 
against time and maintains 
a permanent record on a 
244” tape. Automatically 
resets to zero every hour. 


Here is a step in production 
counting that permits a 
complete analysis of efh- 
ciency in terms of hours or 
minutes instead of shifts, days or weeks. The reset 
feature eliminates much computation. It simplifies the 
entire task of studying production flow and deter- 
mining how to maintain a high production level. 


Write for bulletin. 
STREETER-AMET COMPANY 


AUTOMATIC WEIGHT RECORDERS & SCALES 
HIGH SPEED COUNTERS SINCE 1888 


4101 Ravenswood Ave., Chicago 13, Illinois 





Order Directly 7 
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.. +. 8 SCALE—the Widest Scale of Any 
Mechanical Air Velocity Meter Ever Designed! 


yx Accurate velocity readings, automatically averaged over a 
3"' dia. free area, instantly indicated in feet per minute. 


vw Extension handle facilitates positioning of instrument away 
from the observer. Y«'' rod may be screwed into handle 
to obtain any desired extension. This is an important 
practical feature for readings in hard-to-reach locations, 
or where the observer's body would interfere with the nor- 
mal air movement. 


wx The unique scale lock (easily manipulated by a string) re- 

tains scale reading until the lock is released—an indis- 

sable feature where extension rod is used to position 
instrument away from the observer. 


COMPLETE, in leather case... $24.00 
Write for : 


‘eof, °°) BACHARACH Industrial Instrument Co. 


7000 BENNETT STREET «© « PITTSBURGH 8, PA. 


SSS 





Perma 
Color 
compe 
compe 
clusive 


AMP. announces a major advance 
in flexéble INSULATED LEADS 


ts covered by patents or 
rimapatis ne Copyright 
fe a pg Marine 


AMP PLASTIC INSULATION* 
SUPERIOR TO ‘'RUBBER’’ MATERIALS 


Combining the low production cost of AMP automatically applied 

terminals, with a special flexible plastic insulation application 

developed by AMP, plug-in leads and similar components are 

now being produced which feature precision positioning of the 

jack-pin in the molded insulation. 

@ Higher dielectric properties than 
“rubber” (300 volts per mil) 

e@ Has “live” flexibility; does not 
crack on severe bending 

@ Molded to hardness range Duro- 
meter "A" 60-90 

@ Holds a snug fit around wire in- 
sulation even on flexing 

@ Not affected by oil, grease, 


bonded to the metal where 
required 

@ Does not deform delicate parts 

@ Inserts, pins, etc. hold precise 
position in this insulating material 

@ Available in complete range of 
opaque colors for coding and 
matching other color schemes 

@ Low shrinkage; holds to close 
tolerances 


age, or sunlight 
@ Practically irremovable from the 
wire and can be physically 


@ Withstands temperatures to 
170° F 
@ Molds well in intricate designs 


by Manufacturers and Architects 


DWYV€ 


RANSPAR EN 


AIR FILTER GAGES 


Recommended by leading air 
filter manufacturers, DWYER 
Gages warn against over- 
accumulation of dust and dirt 
which increase filter resistance 
. show proper time for 
cleaning or replacing air fil- 
ters...thus prevent air de- 
livery from dropping below 
permissible minimum flow. 
Because there are no com- 
plicated three-way valves for 
venting to Zero, DWYER 
Gages are permanently ac- 
curate. Over-Pressure Safety 
Traps, a DWYER exclusive, 
prevent loss of fluid at all 
times. Solid transparent plastic 


No. 272-AF ‘‘Flex-Tube”’ Air Filter , Gage 
Range 0-1” Scale Length 3% 
Price (complete with accessories) $10. 50 


Plug-in leads and similar parts can be produced by AMP to your 
specifications, using AMP automatic wire terminations for the electrical 
connection with the special AMP applied insulation—or, we will apply 
this plastic insulation to leads which you supply. 

Do not hesitate to send drawings, parts, or sketches for appraisal and 
recommendation by the AMP Engineering Department. 


RING LAA P ieee Ball PRODUCTS INC. 
1506 North 4th Street, Harrisburg, Pa. 


Sole Canadian Representative: 
F. Manley & Sons, Ltd., Toronto, Ont., Canada 


body insures highest visibility. 
No. 250-AF Air Filter Gage 
Range .10-0-1.0” Scale Length 5%” 
Price (complete with accessories) $23.50 


For complete information, ask for 
DWYER Bulletin No. 187 
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[Gnbolh DePeNDABLE 
‘POWER For 


Instrument 


Applications 





Lhe ss nothing Like 
NON-FADING 


GLASS COLOR 
STANDARDS 


Bodine Type K Motor available 
with or without speed reducer 


The heart of many precision instruments is the electric motor drive. 
It must be accurate . . . dependable . trouble-free. Continuous 
day-in-day-out operation of your quality instruments requires an 
electric motor of superior design, workmanship, and performance 


Comparator 


No. 605 


Permanent reliability of Hellige Glass 
Color Standards, accuracy of color 
comparison, simplicity of technique, and 
compactness of the apparatus are ex- 
clusive features of Hellige Comparators. 


WRITE FOR BULLETIN No. 602 


HELLIGE 


INCORPORATED 


3118 NORTHERN BLVD., LONG ISLAND CITY 1, N.Y. 


FOR» COLORIMETRIC APPARATUS 


The Bodine Type K Motor, available with or without speed re- 
ducer, is a highly dependable source of compact power pro 
vides from 1/2000 to 1/750 horsepower, with reducer speeds 


down to 1 rpm. 


Bodine has nearly a half-century of experience in designing 
motors for quality instruments. Call upon Bodine engineers to 
help you select the proper standard motor to meet your appli- 


cation needs. Bodine Electric Co., 2244 W. 


Chicago 12, Illinois. 


FRACTIONAL 


Ohio Street, 


vorscrontr MOTORS 
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You'll Always 
Know with a 


GORDON 


Furnace Atmosphere 
Indicator 


Do you depend upon badly scaled or de- 
carburized work to tell you that some- 
thing has happened to your furnace at- 
mosphere? And then spoil more work get- 
ting the atmosphere back to where it 
belongs? 

A Gordon Furnace Atmosphere Indico- 
tor will watch that for you. It makes a con- 
tinuous, thorough check of the furnace at- 
mosphere, and as soon as it changes, the 
change is detected and indicated so that 
quick necessary adjustment can be made. 
it works on gas or oil-fired furnaces and 
in protective atmospheres on electric fur- 
naces. 

The Gordon Furnace Atmosphere Indi- 
cator works on the principle of the relo- 
tive thermal conductivity of gases. It is so 
simple and easy to use that top results can 
be obtained with shop or non-technical 
personnel. 

Where a continuous record of atmos- 
phere readings is required, the indicator 
can be co-ordinated with a recorder. 

You can't afford to be without this in- 
strument any longer. 

Price, complete with U-tube 
and Sample Filter, 110 V, 60 C, $335 


Write for descriptive bulletin 
for full information. 


aa ‘GORDON: aaa | 
S¢ SERVICE... 


CLAUD S. GORDON co. 


Speciolists for 34 yeors in the Heat-Treating 
and Temperature Control Field 


Dept. 21 3000 South Wallace S$t., Chicago 16, til. 
Dept. 21 7016 Euclid Avenve, Cleveland 3, Ohio 


ne Sse ote 
Sa bd ae * * 
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In this department we report new literature pertaining to Instrumentation, received { 
manufacturers. We urge readers to request ONLY those bulletins which will be of 
them. Use the Postage-free Order Card on Page 463. 





R-220 ELECTRONIC COUNTER, TIMER 
GUIDE. 4-page catalog is brief guide to co's com- 
plete line of high-speed electronic counters, scal- 
ers, counter chronographs, and special electronic 
frequency measuring and computing equipment 
Presents discussion of electronic counting princi- 
ples, methods of count detection, etc.—Potter In- 
strument Co., Inc., 136-56 Roosevelt Ave., Flush- 
ing, 7 r 


R-221 INDUSTRIAL FURNACES. 8-page fold- 
er describes and illustrates maker's ‘‘Surface’’ 
balco, charmo, muffle, convection, large and small 
oven, and other furnaces. Atmosphere generators, 
air heaters. also discussed. Selection table included. 
—Surface Combustion Corp., Toledo 1, Ohio. 


R-222 DEW-POINT RECORDER. 4-page bulle- 
tin describes and illustrates maker's dew-point 
recorder and atmosphere selector designed for use 
in industries where it is necessary to record mois- 
ture content of air. Schematic diagrams, features, 
etc., included.—Surface Combustion Control Corp., 
Toledo 1, Ohio. 


R-223 ““OHMITE NEWS.” 2-page issue of this 
house organ presents ‘‘Unusual Items’’ section and 
discussion titled: ‘“‘Ohmite Resistors Provide Sizes 
and Types for Every Service.’’—Ohmite Mfg. Co., 
4835-41 Flournoy St., Chicago 44, III. 


R-224 SCALES. 2-page bulletin describes and 
illustrates maker's ‘‘Hydroscale’’ for cranes, chain 
hoists, etc. Scale weighs as it lifts. 2, 5, and 10 
ton standard scales are founded on static pressure 
principle, accurate to within one-half of one per- 
cent.—Hydroway Scales Inc., 7632 Fenkell Ave., 
Detroit 21, Mich. 


R-225 MOTOR CONTROL. 4-page bulletin de- 
scribes and illustrates maker’s ‘‘Var-A-Speed’’ mo- 
tor control equipment for d-c. motors from a-c. 
power. Advantages, characteristics, ordering in- 
formation, specifications, etc. are discussed.—Wel- 
tronic Co., 19500 W. Eight Mile Road, Detroit 
19, Mich. 


R-226 WHEELCO COMMENTS. 4- -page Vol. 8, 
No. 1 issue of this house organ contains discus- 
sion on co’s strip chart recorders, and on powder 
metallurgv.—Wheelen Instrument Co., Harrison 
and Peoria Streets, Chicago 7, Ill. 


R-227 VERTICAL VISCOSIMETER. 6-page fold- 
er describes and illustrates maker’s vertical vis- 
cosimeter for rapidly measuring the viscosity of 
extremely viscous oils or similar products, Espe- 
cially adapted for transparent oils, butadiene poly- 
mers, cellulose dopes, etc. Principle, apeeion. 
advantages, etc., are discussed.—Henry A. Gard- 
ner Lab., Inc., 4723 Elm St., Bethesda 14, Md. 


R-228 WEIGHT-PER-GALLON CUP. 2-page 
bulletin describes and illustrates maker’s adjust- 
able ee per-gallon cup for determining weight 
or specific gravity of a gallon of paint or other 
material. May be used as quick check on correct- 
ness of paint formulations. etc.—Henry A. Gard- 
mer Lab., Inc., 4723 Elm St., Bethesda, Md. 


R-229 TENSIOMETERS. 4-page booklet de- 
scribes and pictures various models of maker's 
tensiometers for accurate measurement of tension. 
Included are models for wire, yarn, cord, metallic 
filaments, etc. Advantages and specifications are 
discussed.—Boulin oo Corp., 65 Madison 
Ave., New York 16, N. 


R-230 COMBUSTION Giliiitanin 8-page 
Bulletin SA-2-47 describes and illustrates maker's 
“Type SA Robot Eye’’ combustion controller for 
apartments, hotels, office buildings, industrial 
plants. What it does, how it does it, operating 
Geek. uipment, and typical applications are 

ee Power Plant Corp., 381 Fourth 
ye — York 16, N.Y 


R-231 SELENIUM RECTIFIERS. 8-page book- 
let describes and illustrates maker’s selenium rec- 
tifiers. Basic models, remote, self-contained and 
other type models are discussed. Advantages and 
features are listed.—Richardson-Allen Corp., Rec- 
tifier Div., 15 West 20th St., New York 11, N. Y. 


R-232 ‘““TRACERLOG.”’ 12-page Nix 
of this house organ presents article title: 
autography’’; service policy, products, 
ices are listed.—Tracerlab, 55 Oliver Sr 
10, Mass. 


R-233 COMPRESSED AIR SEPARATO! 
Bulletin P describes and _ illustrates 
‘““Murphy Paragon C’’ separator, design 
move all the dirt, oil, and moisture fr 


pressed air at the point of use. Performance 


struction and operation are discussed 
Murphy & Co., Fifth and Vine Streets, H 
Ohio. 


R-234 OSCILLOGRAPH TUBE. 8-page tx 
describes and pictures maker’s ‘‘RCA-3RP1 


ket 
3-inch 


cathode-ray tube designed to provide high bright 
ness when operated with an anode-no. 2 voltage 


near the maximum of 2500 volts. Genera! 


data 


installation, application, etc. discussed.—Tubx 


Dept., Radio Corp. of America, Harrison 
Jersey. 


New 


R-235 PRECISION DIAL MANOMETER. 4 


page publication No. TP-30-A_ describes 


and 


illustrates maker’s precision dial manometer for 
accurately measuring pressure without the use of 
long liquid columns. Said to be ideal as calibrat 


ing standard. Performance, operation, etc., 


cussed.—Wallace & Tiernan Products, Inc 
ville 9, New Jersey. 
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JET ENGIN 
ACCESSORIES 


Giannini engine control accesso 
ries, designed for use with reaction 
powerplants, include automatic fuel 
metering units, automatic starting units 
and fuel pump and drive systems. 
Recently expanded manufacturing 
facilities afford firm delivery of 
1949 improved instrument and 
powerplant equipment. 
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236 MULTIPLE UNIT SIGNALS. 12-page 
-" describes and illustrates maker’s ‘‘Series 300 
ms.’ multiple unit signals that permit a 
horn to serve for many alarms. How it is 
ne ed, bow it helps, construction, installation, 
fications, etc., are discussed.—Panalarm Prod- 
enc. 7216 North Clark St., Chicago 26, Ill. 


R-237 TRIANGLE SCALE. 2-page bulletin de- 
ribes and illustrates maker’s triangular scale 
in engineers’ and architects’ models. 
atures, construction, etc. are discussed.—Wolsey 
),, 727 Kohler Street, Los Angeles 21, Calif. 


p238 LOGARITHMIC A-C. VOLTMETER 

ND WIDE-BAND AMPLIFIER. 4-page bulletin 

i-seribes and illustrates maker's ‘‘Model 45’’ log- 

vithmic a-c. voltmeter and wide-band amplifier. 

ses, operating features, mechanical features, 
ifcations, etc. are discussed.—Instrument Elec- 

onics, 42-17 Douglaston Parkway, Douglaston, 
¥ 


00 


















































Radic R239 LOGARITHMIC AUDIOFREQUENCY 
OLTMETER. 4-page bulletin describes and illus- 
tes maker’s ‘‘Model 47’’ logarithmic audiofre- 
~ency voltmeter which has complete coverage of 
sdiofrequency spectrum plus extraordinary wide 
oitage range. Uses, specifications, etc. are dis- 
ssed.—Instrument Electronics 42-17 Dougleston 
rkway, Douglaston, N. Y. 


R-240 HIGH-VOLTAGE R-F. ELECTRONIC 
(OLTMETER. 2-page bulletin describes and illus- 
tes maker’s ‘“‘Model 31A’’ high voltage r-f. 
ectronic voltmeters. Specifications, general cir- 
it, voltmeter proper, and couples are discussed. 


1 yo Alfred W. Barber Labs., 34-04 Francis Lewis 
h bright. gerd» Flushing, N. Y 
2 voltag 
ral dan. Mf R241 R-F. VOLTMETER. 2-page bulletin de- 
d.—Tube ibes and illustrates maker’s ‘‘Model LKV 300 
on, New [guaior” r-f. volemeter, listing specifications, gen- 
al circuit, d-c. amplifier, calibration, etc.— 
Alfred W. Barber Labs., 34-04 Francis Lewis 
TER. 4. @plvd., Flushing, N. Y. 
bes and 
neter for R-242 VACUUM-TUBE VOLTMETER. 2-page 
1e use of MMpulletin No. 28 describes and illustrates maker's 
calibrat "Model VM-27’’ wide-range vacuum-tube volt- 
tc., dis- [imeter, suitable for general use in the laboratory 
c., Belle nd on the production line. Technical specifica- 
jons, prices, etc. are discussed.—Alfred W. Bar- 
1 Labs., 34-04 Francis Lewis Blvd., Flushinx, 
i. 


R-243 TIMING MOTORS. 8-page Engineering 
Bulletin No. 1 gives complete information and 
echnical data on d-c. motors for timing applica- 
ions; includes specifications, descriptions of mo- 
or applications, speed regulations, and methods 
f determining speed and current.—Haydon Mfg. 
‘0., Inc., Torrington, Conn. 


R-244 “BURRELL ANNOUNCER.”’ 16-page 
No. 49-3-34 issue of this house organ presents 
brticle on the evolution of modern glasses; dis- 
sses several products including Pyrex fluted 
nels, wide-field microscopes, immersion heat- 
rs, etc.—Burrell Technical Supply Co., 1942 
Fifth Ave., Pittsburgh 19, Penna. 


R-245 HYDRAULIC WEIGHING SCALES. 8- 
page Bulletin No. 288 describes and_ illustrates 
maker's hydraulic cells for industrial weighing 
nd laboratory testing. Six standard models, from 
0,000 to 100,000 Ibs., and special cells, from 40 
ibs. to 2500 tons, are described. Included are 
portable weighing units, cell applications, etc.— 
Baldwin Locomotive Works, Philadelphia 42, 
Penna. 


R-246 PRECISION INSTRUMENTS. 12-page 
booklet pictures and presents list of maker’s prod- 
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Colgate-Palmolive- 
Peet Co. 


5S YORK AVENUE 
JERSEY CITY, NEW JERSEY 















FOR AUTOMATIC 
RESET 
TIMING 





an EXCLUSIVE HAYDON feature 
THE INTERNAL SHIFT MECHANISM 


An automatic shift mechanism has been built into the Haydon 
1600 series synchronous motor and gear unit by Haydon engi- 
neers, making possible immediate automatic resetting for devices 
such as time delay relays, process timers, interval timers, etc. 
The magnetic pull of the energized motor field is utilized to 
engage the gear train while the timing operation is in progress. 
A counterbalance in the shift disengages the gear train from 
the motor when the motor field is de-energized. The drive shaft 
is then free to be reset to its starting position by means of an 
external spring. Engaging and disengaging action is uniform 


in any position. 


Available in speeds from 15 to 1/10 rpm. 
* Information on this exclusive shift feature, and complete 
data on all Haydon synchronous motors and timers, is avail- 
able in the new Engineering Catalog. 


* If it's about time, request a demonstration of Haydon products 


at your desk. 
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R-258 
RA, 4 
ucts arranged according to the basic f , ker’s 
which they are intended.—Gaertner entif a, said 
Corp., 1201 Wrightwood Ave., Chicag: ats inv 
a tic 

hss e-em) lehiiaile) | : = R-247 VACUUM SEALED TRANSFORMER< plica 


: - ruction, 
20-page Catalog No. 16 is both a cata f scussed 


placement guide. Pictured and described ,,, etroit 2 
high-fidelity transformers, drivers, out; 
TEMPERATURE formers, universal outputs, plate sup; rans- 
ADJUSTMENT | formers, and many others. Included are post.w- fe R-259 
No Extra Charge = 60°F. ranges | replacement guide and pre-war = replacemen; ipulletin 
Sizes: « to 2" inclusive available guide.—Halldorsen Co., 4500 Ravenswood A etic am 
’ / Chicago, II. ms. G 
R-248 MEASURING MICROSCO! Sale 
} -248 ZASURING , SCOPES. 26-pag: Louts 
VALVE STEM = &2 UNSURPASSED FOR Bulletin No. 161—48 describes and trates 
; maker’s measuring microscopes for labor 
LUBRICATOR pap cpm a Weeds Mineeion of enterereg ee 
and LONG LIFE OP : — eae C J 
scopes, their selection, and use. Described a; peet_ Ni 
reading microscopes, telemicroscopes, telescopes BAFI— 
filar micrometer microscopes, scale mic gest aluc 
microscopes, etc. Also included are microscopy cteristic 
cessories, micrometer slides, comparators, mis reeport, 
laneous measuring instruments.—Gaert 
— Corp., 1201 Wrightwood Ave., Ct 
ll. 


j 


lower Maintenance 
Cost and — 


R-249 “CEC RECORDINGS.”’ 6-page \ 
No. 1 issue of this house organ presents discus 
sion titled ‘‘New Sampling Probe Raises Leak 
Detector Sensitivity 1000X’’. Also discusses 600-1 
CONTROLS HEATING paper developed for recording oscillographs 
OR COOLING MEDIUMS tomatic high-vacuum bakeout oven, etc.—( 


dated Engineering Corp., 620 N. Lake Ave om 7 
LIQUIDS OR AIR dena 4. Calif. Roberts . 


iy 
SWIMOd SHA 


R-250 MULTI-PURPOSE CARRIER. 4-pag R-262 
Folder 44P4 describes and illustrates radi: age Bu 
wireline applications covered by maker's vp rates 
44” carrier equipment. Shows how these units can Mpubicles, 
be employed for voice, telegraph, telemetering nits an 


SIMPLIFY yourtemperature control problems of operation, cansmission speed oF et a 
by standardizing on POWERS No. 11 Self- | fir Electric Co. Inc, 1118 Counts’ Koad, © 
onieg Regulators. Usethem when you want — Carlos, Calif. fed 
a simple rugged control to maintain a con- R-251 CONTINUOUS DRAINER. 2-page Bul: 8 4 
stant temperature. They prevent OVER- | '54,00i!"coatinaoss denier Seigler 
heating, save fuel and labor, pay back their | moving large quantities of condensate from hea 


. . ing applications, such as preheaters and reboilers 
EASY TO READ cost several times a year and give years of | as used in cmeees plants and oil refineries, ( 
a TREAwONET struction specifications, etc., discussed.—Indust: 
sue ay “ ~ dependable control. Corp., 88-35 76th Ave., Glendale, Brook!; 
Backed by over 55 years of experiencein N. Y. 
self-acting regulators. Engineering service R-252 LIQUID LEVEL TRANSMISSION. 4 
. . Js page Bulletin 98069 describes and _ illustrates 
available in over 50 cities. maker's liquid level transmitter which is designed 
2 ‘. tO measure pressure and liquid level of viscous or 
No. 11 INDICATING REGULATOR hos TYPES AVAMABLE—Direct and reverse acting regulators corrosive liquids and liquids containing solids 
4" dial mounted on top of regulator. Both with Double Seat balanced valve, double unions }4 to 2 Explains transmitter’s force balance principle 
d Seter rate from incl., flanged 2'4 to G6" incl.; operation with a diagram to point out corrosior 
thermometer end reguiaver ope Single Seat valve double resistant design.—Taylor Instrument Companit 
some thermal system. Visual check on aaioas K to 136° incl. | : Rochester 1, N. Y. 
performance of regulator is provided 3-Way valve ‘4 to 4” incl. 1 ea «8 ” *" 
making it easy to adjust for different —shown in Bulletin 329. a yg ge ae Rede oni ees article 
temperatures. (1185) Use coupon below a titled ‘‘Taking Complete Receiver Performance 
= Data,’ and contains ““Trading Post’’ section, 4 
SeCseeseseeseeeesaceces ean % . free market-place for buyers, sellers and swappe's 
: ne —Cornell-Dubilier Electric Corp., Hamilton B onstruc 
THE POWERS REGULATOR CO., 2734 Greenview Ave., Chicago 14, lll. ala South Plainfield, N. J. trom C 


Gentlemen: Please send me Bulletin 329. Am interested in control for R-254 AN-TYPE CONNECTORS. 2-page b! B pog4 
letin describes and illustrates maker's redesigot¢ Biescrite 

e Vibrationproof’’ series of AN-type connecto's Biuhes f, 

— oman . which has added features of: radio-shicldin&. Bhioh tos 
& pressurizing, SS ;, I _ © Bidescrint 

be. Ricecares Development Co., 3209 Humboldt St., Los AO Biware ¢; 

—— =o) os Sc ane eae nee — geles 31, Calif. B302 <8 

Get 


i R-255 “THE GENERAL RADIO EXPERI 
dau ienano nena ee eee UIC LE |= MENTER.”’ 8-page Vol. 23, No. 10 issue of thi 
house organ presents article titled ““A New Dricgt 
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Impedance Measurements at Frequencies Be- 
“ 50 Kilocycles and 5 Megacycles. Also in- 
ajed js article on counter tubes; miscellany 
wion.—General Radio Co., 275 Massachusetts 
ve., Cambridge 39, Mass. 






256 RADIO TERMINAL CONNECTORS. 
age Bulletin RTC-1 describes and _ illustrates 
yet “RTC” series connectors, a new develop- 
oat to meet need for quick disconnect on radio 
assis wall or rack mounting installations. 
andard and special models are discussed.—Can- 
ton Electric Development Co., 3209 Humboldt 
Los Angeles, Calif. 
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R-257 TENSILE TESTERS. 4-page bulletin de- 
jbes and illustrates maker’s ‘‘Model TT-B’’ 
asile testing equipment for accurately measuring 
4 recording load-elongation properties under 
nsile loading; hysteresis; relaxation effects. In- 
uded are design features, design principles, drive 
chanisms, etc.—Instron Engineering Corp., 
Hancock St., Quincy 71, Mass. 


R258 OSCILLOSCOPE RECORDING CAM- 
2A, 4-page bulletin describes and _ illustrates 
uker’s ‘‘Model D’’ oscilloscope recording cam- 
4, said to be ideally suited for study of tran- 
ats involving use of oscilloscope; have extensive 
plication in science, medicine, industry. Con- 
uction, operation, adaptability, flexibility, etc. 
iscussed.—Frederick P, Warrick, 8666 Grandville, 
etroit 28, Mich. 


ORMERS 


R-259 MAGNETIC AMPLIFIERS. 32-page 
bulletin No. VT-2000 presents discussion of mag- 
tic amplifier circuits, characteristics, applica- 
ons. Glossary of terms is included.—Vickers 
lectric Division, Vickers Inc., 1815 Locust Street, 
&. Louis 3, Mo. 


R-260 ENCLOSED SWITCHES. 2-page Data 
eet No. 49 describes and illustrates maker’s 
BAFI—2RN-LH”’ and ‘‘BAFI—2RN—RH"’ die 
st aluminum enclosed switches. Features, char- 
weristics, etc. are discussed.—Micro Switch, 
reeport, Ill 


R-261 ELECTRONIC PNEUMATIC MECHAN- 
AL INSTRUMENTATION. 32-page Vol. 3, 
io. 6 issue of this house organ presents articles 
itled “Instruments for Producing Modern Phar- 
naceuticals,’’ “‘Quality Control in Tin Plate Pro- 
juction,”’ “Innovations in Varnish Kettle Con- 
rol,” and others. Illustrations and diagrams are 
ysed throughout. — Minneapolis-Honeywell Regu- 
lator Co., Brown Instrument Div., Wayne and 
Roberts Avenues, Philadelphia 44, Penna. 


R-262 INSTRUMENT PANELBOARDS. 
age Bulletin No. 125-5-47 describes and _ jllus- 
ates mew trends in cabinet design, control 
ubicles, instrument panelboards, standard panel 
units and accessories. Included are maker’s typical 
nstallations, and re-design methods.—Falstrom 
0., Falstrom Court, Passaic, N. J. 


12- 


units can 
metering, 
tails type 


R-263 CONTROL CENTERS. 4-page bulletin 
fescribes and illustrates maker's new concept in 
lesign development for control centers. Features, 
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«tion, 4 
wappers 
yn Blvd : 
onstruction, etc. discussed.—Falstro . al- 
strom Court, Passaic, N. J. oe oe 
age bu - ‘ 
“esigned {fy e264 COMBUSTION TUBES. 4-page booklet 
rom a escribes and illustrates maker’s high temperature 
nielding. [ee 'O%. analysis by combustion, pyrometry, and 
Fiectrc ene” Semperature heat treatment. Also included is 
Los Av i pton and illustrations of maker’s pure oxide 
toy for process and research.—Morganite Inc., 
02 «8th Ave., Long Island City 1, N. Y. 
=X PERI DKe a ' 
Ne this ig 205. “MODERN PRECISION.” 8-page Vol. 3, 
» Bridge ©. 4 issue of this house organ contains articles 


oncerning metals, process industries, ceramics, 
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Now’s the Time to Have All 


Your Associates Subscribe to 


Instruments 
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Measurement and Control 





Group Subscription Plan 
SAVES MONEY 


Cash or check and FULL information with order—this 
cuts our office costs and we pass on the savings. Full infor- 


mation means (1) name, ( 


2) address for mailing, (3) com- 
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teaching and testing.—Leeds & 
Philadelphia 44, 


research, 
4902 Stenton Ave., 


power, 
Northrup Co., 
Penna. 

R-266 PHOTOGRAPHIC CATALOG. 64-page 
annual Catalog No. 948-E illustrates and describes 
maker's photographic equipment which includes: 
enlargers, cameras, speed press cameras, lenses, 
accessories, photo finishing e a dark room 
needs, etc.—Burke & James, ‘i 321 S. Wabash 
Ave., Chicago 4, Ill, 

R-267 “RETICLE PRODUCTION.” 4-page 
technical bulletin describes new photographic, 
mechanical, and high-vacuum techniques employed 
by maker to produce precise reference lines in the 
focal planes of optical systems.—W. & L. E 
Gurley, Troy, N. Y 

R-268 OSCILLOGRAPHS. 4-page bulletin de- 
scribes and illustrates maker's “Model RO2B”’ 
dual recorder and *‘Model OA2"’ dual mas: 
listing contsruction features, specifications, weight, 
power, etc.—Rahm Instruments me. @B est 
Broadway, New York 7, ¥- 

R-269 REPEAT CYCLE TIMER. 2-page bul- 
letin describes and illustrates maker's repeat cycle 
timer, an electronic device employing one radio 
type vacuum tube, obtaining its timing intervals 
by charging of two R-C networks. Technical 
data, operation, etc discussed.—G. C. Wilson & 
Co., Chatham, N. J. 


ADVERTISERS’ 


INDEX 


R-270 CYCLE TIMERS. 2-page bulletin de- 
scribes and illustrates maker's ““Type CF3’’ cycle 
timer for controlling automatically a one, two, 
three, or four circuit operation in a predetermined 
timing sequence. Application, features, construc- 
tion, etc. discussed.—R. W. Cramer Co., Inc., 
Centerbrook, Conn. 


R-271 VIBRATION—NOISE LEVEL ANALY- 
SIS. 4-page bulletin describes and _ illustrates 
maker’s ‘‘Sono Probe’’ electronic method for 
analyzing vibrations and noise levels. Suggested 
uses, qualitative and quantitative analysis methods 
discussed.—Aircraft Electronics Associates, 1031 
New Britain Ave., Hartford 10, Conn. 


R-272 REGULATED D-C. POWER SUPPLY. 
2-page bulletin describes and illustrates maker's 
*‘B-Nobatron”’ regulated d-c. power supply, giv- 
ing electrical characteristics, mechanical specifica- 
tions, appearance, etc.—Sorenson and Co., Inc., 
Long Island City, N. Y. 


R-273 FLEXIBLE METAL HOSE. 68-page Cata- 
log G-50 describes and illustrates maker's stand- 
ard type flexible metal hose in a variety of metals. 
Contains sections on expansion joints, stainless 
steel and brass bellows, conduits, special assemblies, 
etc. Designed to give one self-contained source of 
information on all metal hose products.—Chicage 
Metal Hose Corp., Maywood, III. 
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BRADLEY 


RECTIFIERS 


SMALL HIGH VOLTAGE 
SELENIUM RECTIFIER 





Rated at 5 ma D. C., Bradley's new 
selenium rectifier Model SE8M meas. 
ures only 34” in diameter and is thus 
one of the smallest rectifiers available 
at its rating. It is completely sealed 
and is companion to Model SE8L, 
rated at 1.5 ma D. C. and only |/,” 


in diameter. 


PHOTO CELLS 


SIMPLIFY PHOTO CELL 
CONTROL 


Luxtron* photo cells convert light 
into electrical energy. No external 
voltage is required to operate meters 
and meter relays directly from Brad- 
ley photo cells, improving control 
over your processes, reducing your 
costs. Housed model shown. Many 
different sizes and shapes, mounted 
and unmounted. 


*T.M. REG. U. S. PAT. OFF 


Our engineers will select or 
develop rectifiers or photo 
cells to meet your needs ex- 
actly. Write for BRADLEY LINE 
showing basic models. 


BRADLEY 


LABORATORIES, INC. 
82 Meadow St. New Haven 10, Conn. | 
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